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Video Display Connection

There are three different methods of aﬁtaching a video display

to the C4P computers. These are outlined as follows:

1. Preferred method - connect the sy lied computer v
cable to the high lmpedance {Hl-zﬁplnput cfpa closigfﬂ
circuit TV video monitor. Ohio Scientific offers a
color television set, modified for video monitoring.
QOhio Scientific also offers the Model AC-3 12" black and
white monitor. Both are ideal for this application.
The units double as a telev151cn when the video cable is
dlEEDnnEEtEd

2. Connect the supplled ccmputer v1deu cable to an "RF
medulator” which is, in turn, connect ed to.-a’ standard
television's antenna terminals. RF Modulators are
inexpensive and allow you to use almost any television
with your ccmputer. They are sold in kit form.

3. Have a standard AC transformer-operated television
modified to accept direct video entry. This requires
special safety precautions which will be .explained later.

ased-Circuit Video Monitor. Connection

lon 2 _
“_[% A% Refer tq F;gure 1. Attach tha Suppkﬁqd vldea cable-ﬂa
,thg ucmputer as,. shawn {; . 2'; LQ&. .

- .
=
i .‘..

e = n o

'2,:'Eunnect the ather end of the cahle to: the hlgh lmuedance;.
. imput of -the video monitor.:  The ﬁﬂ 3 monitor has a Hl-ﬁ
-E.w“REH—type phann Jaek input.. " On cther monitors, .a. hlgh‘
S .'lmpedance '~ léw impedance.selector .switch-is sometime’s
' °. present,’or there ‘may be two ﬂrrmcre ﬂnputs. cgnsult,f:ﬂ
.-, the, manufacturer g 1n5truct1ﬂns e D - R
L E . "L L h - I . -
'figfuﬂbserva the manufacturer s power reccmmendatlans 'If'
' .the monitor:has a 3-wire- grnunded lug, :cnnect it tn
-3 praperly grnunded 3—w1re &C uutlet.. . . =

"-;; B Turn an the cam@uter and, men;tur+ o
L : LS -
e &llnw the munltcr o warm~up.. Yau shnuld see the s:reen

-'fllled wzth randam Egraphics characters, alphabet,_etc. o
I\--:l F i

18" If ne:easary,'ad]ust ‘the “VERTICAL and HDRIEGHTAL Eantrpls

.ﬁhhaéth - -tﬂ cbtaln a stable plcture-. 2 E | "

Fy
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1.RF Modulator/Standard TV Connection . .
E _ = S,

. . | . -: - L |;-
L. Refer to Figure 1. Review the manufacturer's lnstructlaq -

included. with the RF modulator. s

| \

|
1}

i \
Connect the computer video cable to the computer as 5.1'1.1::.11:-#:':*\&‘L \

Connect the video cable to the RF Modulator.

I3

“Cunnect the modulator to the talevision's. antenna

terminals (consult modulator instructions).

Plug in the television and computer. 5

Turn on the computer, television, and modulator (consult
modulator instructions). - |

:At_fhis point you will have to select the proper TV channel

and' possibly adjust the television's fine tuning: slightly
(consult modulator instructions). T

When the television warms up you should observe a screen
filled with random graphics characters. If the picture
1s not stable, adjust the television's VERTICAL or
HORIZONTAL controls as Needed. ' -

Modification of a Television For Direct Video Entry . 7

- ._.\_\_‘__ ,I'_. h s « =g llﬂ

JI:.'I
i

A standard television may.he:mﬂdifi;d to act as a qiégﬁﬁﬁfﬁ-~
monitor. However, this,canversion'requirea'detailed T e
NG

knowledge of television. dircuitry, and will likely = -
require a schematic of the television to. be converted..
Consult a qualified service person. P

——‘-*—qﬂl*—---—q
.--——r---——p-d-ih-——a---—-p

e ] g e

- ANY TELEVISION CONVERSIONS MUST BE PERFORMED ONLY BY A

QUALIFIED PERSON, SUCH AS A. TV SERVICEMAN. LETHAL VOLTAGES
ARE PRESENT WITHIN THE TELEVISION.: INCORRECT CONNECTIONS
MAY PRESENT SHOCK HAZARDS OR DAMAGE THE COMPUTER. SUCH
DAMAGE IS NOT COVERED BY THE WARRANTY. 2 B

The television to be-modified must be an ‘AC-transformer
operated television. ‘Several solid-state TV.sets are

now available which'can be operated from 118V AC, or - /.

'!“.I

N

hS
from a 12 volt source such as a car cigarette Iightgr.;££H -

These televisions can usdally be converted easily. &
Some older "AC-DCM tube-type televisions are "hot cha-
types; that is, one side ' of the power line is conner”
to the chassis. These televisions do not haUEafg;"

and MUST NOT be used for conversions. 12 3_ ;;Hﬁﬁi:*ff
| -5 | AT




More characters per line can be displayed on the serseen
if the picture is "shrunken” slightly. On most 112V AC/
12V DC televisions, this can be accomplished by adjusting
the television's power supply regulator to give a lower:
voltage. Brightness will also be diminished, but this
can be restored via the TV BRIGHTNESS CONTROL. Refer

this adjustment to the service person at the time of
conversions.

When the power supply voltage is adjusted, the picture
may require re-centering. Equal borders can be restoped
to the sereen by adjusting the picture tube centering
coils. Refer this adjustment to the service person at
the time of conversion.

When the television has been modified, it may then be

treated as a video monitor and connected to the computer.
Refer to that section of this manual. '
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Now

Fower UD

1)

2)
3)

4)

5)
§)

T tarting Up Your System - Demo Disks

you are ready to power up your Cy4 System.

Check that your system is connected according to Figure 1
and the related instructions. Make sure that there 1is
clearance for ventilating air in the back of the CWP

system.
Plug in power cords.

Turn on power on the back of your keyboard console.

Turn on floppy disk power (switch is on rear of disk

Turn on CRT and any other accessories.

Depress the SHIFT LOCK key. DNow press the "BREAX key on

___*he keyboaxrd.-

7)

SHIFT LOCK

- Remove the disk labeled "Customer Demo Disk" from its
covering sleseve. Carefully insert the disk with your
right thumb on the iabel. Keep the disk label on the

top side.
The disk should be inserted firmly until a click is
heard .or slight resistance 1s encountered. Close ths

door on the disk drive. The light wiil not normally A
come- on, as the disk has not yet been selected by the oy

computer.




8) MAKE SURE THE "SHIFT LOCK" KEY IS5 DEPRESSED. When
the computer responds "H/D/M?" on *he CRT (television
sereen), type

D

i

The program will automatically be loaded into +he computer
from the disk. '

This disk will repeat its program endlessly.

Disk Programs

The Customer Demo Disk contains a cﬁntinuausly sequenced
animation, shawing the power of the 0SI C4P computer and its
software. In this manual, we shall show you how to adapt some
of these p:agfams to your special purposes. Similar prngrams.
are-avaiiabla from your OSI dealer. When you are finished,
remove the ﬁisk from the drive and store the disk in its protective
sleeve. If you wish to use another disk, press

- <BREAK >
ﬁﬁd then insert the new disk in the disk drive, then repeat Step.T7 i s
af fhé_prgviaus section.

. Tﬁetﬁﬂeaier Demo Disk" contains the programs

© 1) Graphics Demo, an image generator which shows the tools
- of animation and graphing. -

2) Plane Banner, a simulated airplane made from the CuP's
| Character set. A wide variety of shapes is possible.

3) Random Square, an animated pattern generator to show the
color range available.

“+) Kaleidoscope, a continuously changing pattern to
illustrate the variety of symbols available.

*-5) Space Wars, a game to pit your starship against the
- enemy empire. -

' .8) .Hectic, a ricochet simulation game. Both scientific
. Problem simulation and games can use these techniques.

-



7) Tiger Tank, a combat game to show real-time player L
interaction. | B*j

8) Set Time, a clock function which does more than keep time.
This program can be used to control other programs.

3) AC Demo, a home light and appliance cantrnl'prmgramJ With
the external lamp modules attached, the pictures on the
CRT screen will be echoed by the device behavior. (Note
that remote module switches must be properly set to use
this program.)
These programs can be readily adapted to your use. When wyou
are familiar with your CHP system, you will be able to list these
programs and extract the examples for your special purposes. These

well written examples preovide programming lessons and power for

scphisticated programs.

Power Down

When you are ready to turn the system off: i
1) Remove the disk.frcﬁ the disk drive by pushing the
rectangular button below the disk door. Then remove
the disk, placing it back in its sleeve.
2) Turn off peripheral devices, if any.
"~ 3) Turn off CRT.
4) Turn off disk drive computer..
5) Turn off computer power (back of keyboard console) last.
You have just completed the hardest part of using vour
computer! From here, your care of the computer and orderly
handling of materials will pay itself back in reliability and
enjoyment of the CUP system. Let's go on to using your system

in some applications!




To remove a Disk.
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5. Notation | i

In order to discuss programs with you, we need a common
notation.

We shall.use the shorthand notion

<RETURN>
instead of saying "Press the "RETURN" key"”. Do not type the
brackets or the word RETURN letter-by-letter.

Blank spaces will be indicated by a blank in our typiﬁg,
such as

18 GOTO 5 <RETURND>
rather than write

19 <SPACE >GOTO < SPACE > 5 <RETURND

When we want you to enter something from the keyboard, your

i
responses will be underlined or in brackets (the messages produced R
by the C4P will not be underlined). In the following example,
FUNCTION?
UNLOCK <RETURN>
The CuUP asked the que5fi¢n "FTUNCTION?" and your response would be
to type out "UNLOCK" (note that all of the letters are capitalized)
and then a carriage rsturn.
.ﬁm
N

-ll-
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Chapter II

BASIC Programming

You have used the applications programs provided on the
customer demo disk to demonstrate the power of your 0SI CuP system.
You will often want to to write your own programs in a powerful

but simple language. BASIC is such a language.

An excellent book by Dwyer and Critchfield, BASIC and the

Personal Computer, is available from your 0SI dealer. However, we

should not hesitate te try out some simple programs. This section
is not intended to cover all of BASIC. Instead, it is to show
extensions and differences of 03I's BASIC that the user should
know. A few simple examples are included to familiarize the new
users with applications.
Fiprst, please turn on your Q0SI C4P computer. Remember
1. Turn on the computer power first and second the floppy
disk's pcwer (power switches are located. on the rear panel
see Figure 1).
2. Turn on the videc display console.
3. Press <BREAK>,
4. Insert your minifloppy disk marked simply "0S-85D V31.".

5. Verify that the shift lock key is down. Press D on the.
keyboard.

6. Respond te the questicn
FUNCTION?
by typing
UNLOCK < RETURN>
(We'll underline your entrias for ﬂmphaﬁis.i
Now clean out the work space (memery whers your program is
running) by responding to the BASIC promptar

0K
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J
NEW < RETURN> ~
This will erase the old pPrograms which occupied the available
memory. Next type
LIST <RETURND>
to verify that no programs are present.
Calculator Mode (Immediate Mode)
Let's try our BASIC in the easiest form, first. Type the
line below
PRINT 5+3 <RETURN>
(Remember underlined quantities are entered by you.) The computer
will return the answer
a8
For brevity, we can also use the question mark, "?", in place of ;”“j
M T
PRINT as
2 _5+3 <RETURND>
The result is the same. This calculator-like function is called
the immediate mode of operation. You can use it like.a scientific
calculator.
Program Mode
Let's repeat this program with the input and the cutput con-
trolled by the computer (program mode). Type
18 2 5+3 <RETURN>
or
18 PRINT 5+3 <RETURN>
Since we have started the line with a number, the ﬂmmﬁuter will
await any further numbered lines before performing the reguired
calculations. This is your first program or set of instructions ::jﬁ“

-13=-




(in BASIC)! When we are ready to have the ;&lculaticns run, we
then . type

RUN < RETURN>
The C4P will now execute the one line program that you just entered. i
The answer is, as before,

8

We can use the numbering of lines (also called "labeling"
for "statements") to perform many instructions consecutively. It
is a gnud*practice to number statements as 18, 28, 38, ..., leaving
room for easy future addition of lines. You should be careful to
arrange the lines in the order we wish them performed. We shall
impfmve the clarity énd the usefulness of the previous program by
allowing input to the computer when the program is run.

To prompt. the prﬁgram user, we place quotation marks arcund
words which we wish printed on the CRT when the statement is per-
formed. The name of the variable which is to be entered follows
the prompting quote, separated by a semi-colon. |

Intermediate variables, with convenient names (which EE:EEE
include words reserved for use by BASIC, such as FOR and WAIT -
see the appendix) should be chosen to keep the program statements
simple. The final statement, 58, which ends our program indicates
to the computer that this is the end of cur program.

Let's write out these changes in a program. Type

19 INPUT "ENTER THE FIRST NUMBER";A <RETURN>

28 INPUT YENTER THE SECOND NUMBER";B <RETURN>

39 SUM=A+B <RETURN>

4@ PRINT "THE SUM IS";SUM <RETURN>

58 END <RETURN >

14



When you type ' | C:;?

RUN <RETURN>
the message in between quotes in line 12 will appear as

ENTER THE FIRST NUMBER?
The BASIC program follows the message by a ? to indicate an operator E
entry is expected. You should respond by typing a number, then
a <RETURN >, such as

§ <RETURN>
The computer will inquire again

- ENTER THE SECOND NUMBER?

Type your second number in. the same manner, such as

3 <RETURN>
The computer will respond by printing

THE SUM IS 8 . | C)
You should now type -

RUN < RETURN>
The computer will again RUN your program and ask you for numbers.

We have seen from the above examples that the BASIC language
is algebraic in form, with simple input and output form. By
numbefing the statements, we have arranged the order of execution
of program statements. Upen typing

RUN <RETURN>
the ordered sequence of statements is executed. We note that the
words appearing between the quotation marks will be printed on
the CﬁT screen as prompting statements.

Multiple calculations can be parfnrm&d'by using loop statements.
For example, computation of the squaﬁ&s of the numbers from 1 to 6

@

=] 5=



. inelusive could be done by the following program (I'll drop
writing <RETURN > for simplicity)
18 REM SQUARES qor NUMBERS PROGRAM

< -\ 42 (0o
20 FOR I=1T0 6§ o¥

38 SQ=I%*T
49 PRINT "THE SQUARE CF"3I;"IS=";5Q

S8 NEXT I
68 END
RUN

1've stopped writing <RETURND at the end of each line exXplicitly
to make the program look less cluttered. voy Wwill still entep

<:RETURN$bwhen entering the Program from the keyboard. If we had
Used

. . 38 SQ=IA?

instead, (the up-arrnu.is Sntered by < SHIFT N>, we would find
slight variations in the answers. This is duye to the algorithm
(method of calculation) which our BASIC uses. The Up=-arrow, A ,
Means "to the power of. v This involves the use of logarithms,
instead of merely multiﬁ}ying. If you type

380 SQ=Ia2 |
the old statement 3g Will bae replaced with the New statement 3p;
then the Program will pun.

To do a Computation until a4 desired valye is found, we o
Use the lesgs than, greater than, or equal (<, >, =) signs. An

€xample might be +o find the smallegt integer whose sq
68a.

N/
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14 REM FIND THE INTEGER X SUCH THAT
28 REM (¥=-1)A 2 IS <600 AND
38 REM (XMN2) IS > 6284
4  X=1
58 SQ=X*X
§¢ IF SQ>609 THEN GOTO 94
78 X=X+l
8@ GOTO 58
9@ PRINT "THE LOWEST INTEGER X WITH XA 2 >6808 IS";X
14¢ END
Statement 60 is a conditional statement. Tf it is satisfied, i.e.,
SQ > 688 . 1s true, +hen the next statement +a be executad 1is number
ag. If SQ >608 is false, the next statement in opder, number 7%,
is executed. This branching between statements permits a program
toe be mudifieq, cdepending on the pagult of a calculation. This
branching technique makes high speed decisions possible, based on
the data which is.evaluated by the computer. when the conditiomal

branch to statement 3@ is made, the answer is then printed.

Character Manipulation

tn addition to handling numbers, our BASIC (Microsoft 9% Digit

AASTC) can also be used O manipulate characters. Tor exampls, to

read in a string of characters, we Can use

14 INPUT "YOUR CHARACTERS ARE";AS

The dollar sign after the gyapiable name implies that this is a

chapacter string, pather than a number, pPeT S2.

Several character string operaticns are possible. We can

print out the characters by

29 PRINT AS
-17-
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,h_ ' If we were to run the program at this point (by typing RUN),

the reply to

YOUR CHARACTERS ARE ?

by typing

NOW < RETURN>

would result in the print out

NOW

If we had typed

NOW IS THE TIME < RETURN>

the character string

NOW IS THE TIME

would have been printed. This last string corsists of 12 letters

and the three blanks in between words. We can operate on these

" strings with string operations.
A . -

One of the possible string operations is counting the string length

)

14
20

3d
44

1

L=LEN(AS)

Therefore, the prqgtﬂggﬂfﬂérff——r—hhah;g;.. |
- INPUT "WHAT ARE YOUR CHARACTERS";%? :

PRINT A$; "WERE READ IN"
L=LEN(AS) . - = -
PRINT "THERE WERE" ;L; "CHARACTERS"

will read in your-character string, echo the characters for veri- -

fication, and print the cha:a:tef count. (BASIC expects 72 or less

characters to be input at ahy-tihe.}'fEnte:ing "LONG" will echo

"LONG" and report four characters.

L

=18



Other useful string cperations are pcking out the left most
I characters in a string. For example, the left most character
in the string A$ is found via
130 LS=LEFTS(AS$,1)
The two lefthand characters in the string A$ are
18 LS=LEFTS$#®AS$,2)
Similarly, the right most two characters in the string AS are
18 RS=RIGHTS$(AS$,2)
Likewise, the midrange I characters which start from the Jth
one are |
MS=MIDS(AS$,I,J)
Thus, the second, third and fourth characters of the string AS
are given by \
MS=MID$(AS,2,3)
For example, -the program
18 A$=“fRIDHY“
2@ PRINT MIDS$(A$,3,2)
will result in the output
RID
Now we have enough information to write a simple two person hangman
Type game. 'Let the first person type a three letter word. The

computer will then erase the screen. The second person will try to

guess the letters. If the player fails to guess in six tries, the

first player wins. QK2
19 . REM GUESSING GAME
2¢ INPUT "PLAYER #1 ENTER A 3 LETTER WORD":AS
3@ FOR I=1 TO 32 : REM CLEAR
48 PRINT : REM THE

19

’f-\."."‘\.

O



Fhaver 1
Guassy
Ona LatrTar

-2

mEEEE. g



B, T = i
t

50 NEXT I : REM SCREEN ' S
68 COUNT=9 : REM COUNT IS CORRECT GUESS cduNTER -

70 TURN=@§ : REM TURN COUNTS TOTAL GUESSES

8¢ INPUT "YOUR ONE LETTER GUESS IS";B$ I
98 IF LEFTS(AS,1)=B$ THEN PRINT LEFTS$(AS$,l) .

189 IF LEFT$(A$,1)=B$ THEN COUNT=COUNT+L

128 IF RIGHTS$(AS,1)=B$ THEN PRINT RIGHT$(AS,1)
13¢ IF RIGHT$(A$,1)=B$ THEN COUNT=COUNT+1

15¢ TIF MID$(A$,2,1)=B$ THEN PRINT MIDS(AS,2,1)
164 IF MID$(A4,2,1)+B$ THEN COUNT=COUNT+1

172 TURN=TURN+L

180, IF COUNT=3 THEN GOTO 344

199 'IT TURN=8 THEN GOTO 620

GOTQO 88 '

338 PRINT "YOU WIN, THE WORD WAS";AS o~
119 GOTO 748 -
688 PRINT "YOU LOST, THE WORD WAS";AS$
788 - END
0f course, if we got one letter correct, we could cheat by re-
entering.that letter threé times, but then, this was just to try
out the ideas. A.prngram.dﬁes what you tell it to de, not
necessarily what you wish it to do. |
For complicated programs, we usually draw a picture of our
thought or decision process. This picture is called a flow chart.
Eor the previous program, I drew first
R




Now if we test the variables order of precedence, We can rearrange
+he variables into their natural order by the program.
14 REM PROGRAM SORT
29 . INPUT "FIRST LETTER";FIRS
30 INPUT "SECOND LETTER";SECS
4@ REM EACH LETTER IS INPUT
58 IF FIRS > SECS THEN TEMPS=FIR$:FIRS$=SECS: SEC5=TEMPS
6 REM ALL STATEMENTS ON LINE 58 HAVE CONDITION APPLIED
78 REM REVERSE ORDER ONLY IF NEEDED
8¢  PRINT "LETTERS ARE";FIR$,SECS
RUN
The variables will be rearrvanged into their normal ordering. A
. typiecal dialng.is
FIRST LETTER? M
SECOND LETTER? C
LETTERS ARE C M
This sorting takes advantage of the coding without explicitlyqﬁsing

the string commands.

Y B
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Where we start and end the program and statement numbers

in circles as "connection points”.

A side view of a keyboard.

Input operations are shown as

Printing on the CRT is shown by a

/

|

and calculations are shown by a

Branching statements are shown by

where the two possible choices are indicated. These symbols are

gtandard.

However, a distinct set of shapes (from any available

template) will encourage your use of flow charts. The path of

calculations, from one operation to the next, is shown by arrows.

i 1] B
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CarTeat |
Guess
/
W

— e —

This picture was then directly written as a BASIC program

since
*"‘. the programming decisions had been made.
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A L .

We can simplify this program by using the MID$ string

operation as

94
188
118
128
138
144
150
160

The flow chart drawing for this new program segment (statements

FOR CHAR=1 TO 3

IF MID$ (A$,CHAR,1)=B$ THEN PRINT B$

IF MID$S (A$,CHAR,1)=B$ THEN COUNT=COUNT+1l
NEXT CHAR

REM - THE MID$ OPERATION CAN

REM - REPLACE THE LEFTS$

REM - AND RIGHTS$ OPERATIONS

REM -~ WITH RESULTING SIMPLICITY

98 to 168) can be shown as a loop.

Caroect
Guasg

Incremant
Carract Guass |
Fountar f

]
7 <

] 128
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This picture was then directly written as a BASTC pregram, sinca
= 2

the programming decisions Rad been made.
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Each term 1s considered in the same way, sc.the loop examines the
first, second, and third letters of the answer in order.

If we wanted to rewrite this game program for different length
words, this last form would be easier to follow. In your programming,
sacrifice anything but clarity.

Let's now rewrite the program for words up te five letters in
length. We shall output a blank for each letter as a prompt. As
the player guesses a correct letter, we'll fill in the blanks and
show them (including repeated letters in the word). Most of all,
we'll eliminate the chance to cheat by barring reuse of correctly
guessed letters, while allowing the opportunity to repeat incorrectly
guessed letters.

The former error was a logic error, discovered by playing
(testing?) the'game. The program writer could have written the _/
program ta-generausiy forgive repeated wrong entries, but this
would have made the example longer (and easier for the player)!

We shall use subscripteﬂ variables, such as C5(1), C5(2),
c3$(3),..., to hold the value of the first, second, third, ...,
correctly guessed letter. This will permit clearer printed
messages to the player. By using the same variable name, each
subseripted variable can be used by merely changing the subscript.

With this more complicated program, we must make a flow chart.

We start with an overall flow chart (Figure 4 ), whose individual
boxes get expanded as follows.

The "clear out answer holder™ is expanded as:

- T
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and "print present status"” becomes

For Ial ta L >

D3=Dg+C2(I)

N

-Prine D3

1,+u .

The "previous correct guess" test is:

Lr
A8=05(I)
Update
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Let's convert these flow charts into a program.

is well

19
29
g
43
58
60
79
128
119
128

- 138
144
1548
1564
178
134
208
218
228
238
248
1280
11da
2008
2184

Note: In Microsoft BASIC, the conditional statement at 158 also
imposed thé condition on the statement following the colon ":',
The colon serves as a separator between BASIC statements which

are written on the same line. An equivalent program segment

written, you can code the program as fast as you can type.

REM PROGRAM:HANG AUTHOR: L. ROEMER JULY 1979
INPUT "PLAYER #1":AS$
CQUNT=0:TIMES=19: TURNS=0: L=LEN(CAS)
FOR I=1 TO L

CS5(I)="-"

NEXT I

FOR I=1 TO 32:PRINT:NEXT I

INPUT "YOUR GUESS";BS

FOR I=l TO L:IF B3$=C$(I)THEN cOTO 128
NEXT I '
FOR I=1 TO L

IF MID$(A$,I,1)=B$ THEN COUNT=COUNT+1:C$(I)=B$

NEXT I

TURNS=TURNS+1

IF COUNT =L THEN GOSUB 1249
Ig'TURHS =TIMES THEN GOSUB 2009
D=t

FOR I=s1 TO L

D$=DS+CS(I)

NEXT I:PRINT D$

GOTO 198

PRINT"CHEERS"

END

PRINT"BUMMER"™

END.

would have been

158
155

IF MID$9AS,I,1)=RS$ THEN COUNT=COUNT+1
IF MIDS(AS,T,1)=BS THEN C$(I)=B%

-79-
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The program still could be improved. For example, we have
used the wvariable CS(I) to store the correct guesses. If we
want to use more than a ten letter word, additional memﬂfy must
be reserved for the variable CS5(I). This must be done by
dimensioning the variable C3(I), for example, for a maximum
length of 28 letters in a word as

5 DIM Cs(28)

If we do not dimension a subscripted variable, BASIC will default

to the assumption of 18 Subscfipts possible. TFortunately, we do
not havé to dimension the other variables, as they are either
single characters or, in the case of AS$, a single character
string. # character string is a set of characters stored under
the single variable name.

Whén we blay_this_game, the computer user dialog wnuld.he,
typically, |

PLAYER #17 GHOST

Then after the screen is cleared,

YOUR GUESS: & '
CRN
IYGUR GUESﬁf-E
.
This diaiqg continues until either the winner message of
CHEERS
or lmsihg mEs§age'pf

. _ . :.

is printédi_'

. -31-
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Further improvements in the prograf could be made by providing
a preselected vocabulary or having a stick figure drawn as player

errors occur. The program works; the style will be your choice.

ASCII Code

In usinglstring operations, we must distinguish between a
character and its representation inéide the computer. For example,
to display the number 1, a talue of 43 decimal (31 hexadecimal) is
sent to the display verminal. This code called ASCILI (American
Standard Code for Epfurmgtian Epterchange], is used for small
computer systems. To find the ASCII representation of a character,
such as thé letter A,.we use the BASIC command ASC as follows:

10 AS="A"

28 x:aéccasa

g REM THE ASCII REPRESENTATION

4@ REM OF THE FIRST GH&RACTER.IH AS

_EE PRIH: nTHE ASCII CODE FOR™;AS;"IS";X

5@8. END
We can turn this process apound to find whether 65 1s really the
code for the letter A DY usiﬁg the command CHRS

194  X=88%

268  A$=CHR3$(X)

34 PRINT "85 CONVERTS TOM 3 AS

4@  END

One application af.the ASCTII code conversion ig in using
POKE'sS - For example, if the command

NEW

is to clear prior Drograms from user memory, Yyou will find the

~32=



. the first one in string variable FIR$, the second entry in SECS. o~

Q)

letter "N" in location 741 decimal. To examine this, type
PRINT (PEEX(741))
which will return

78

78 is the ASCII code for the letter N. (See appendix for ASCII
code list.) Any other symbol in location 741 will disable the
command HEH. It would have been easier if we had typed
PRINT (CHRS(PEEK(741))
Conversion to the expected symbol N would have been done directly.
Another example is found when we change the cursor symbol.

The cursor symbol is found in location 9688 decimal. The command

POKE 968,42

will make the symbol * into the cursor symbol. We could have used

9

POKE S9680,ASC("#*")

'
\

to achieve the same result, saving looking up the ASCII code.
This would be an easier statement to program and a clearer statement
to read.

Finally, we can consider some int;restiﬁg arithmetic. Since
the alphabetic characters are ASCII coded sequentially, from 65
decimal for A to 98 for Z, the statement

PRINT (ASC("Z")=-ASC("A™))
will answer |

285
the difference in code of the 26th and lst characters of the alphabet.
Alphabetical sorting can be readily done using this observation.

For example, let's read in two letters, arbitrarily placing
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Now if we test the variabhles order of Precedence, we can rearrange

the variables into their natural order by the program.

ia
28
g
Y ¢

3¢

50

78

¥
RUN

REM PROGRAM SORT
INFUT "FIRST LETTER";FIRS |

INPUT "SECOND LETTER";SECS

REM EACH LETTER IS INPUT

IF FIR$ > SECS THEN TEMPS=FIRS:EFIR$=SECS:SECS=TEMPS
REM ALL STATEMENTS ON LINE 50 HAVE CONDITION APPLIED
REM REVERSE ORDER ONLY IF NEEDED

PRINT "LETTERS ARE";FIR$,SECS

The variables will be rearranged into their normal ordering. A

typical dialeg is
. _' FIRST LETTER? X

SECOND LETTER? C

il

LETTERS ARE & M

This sorting takes advantage of the coding without explicitly using

the string commands.

=34 -




Chapter III

1. Operating System Organization imgi

An operating system is a program, or set of programs, which
supervises the running of your individual programs. That's not a
purist definition, but it will do.

The central part of our disk operating system (DOS on Figure §)
supervises the running of all programs. It can call for threé
subsidiary (or utility) programs: BASIC, ASSEMBLER language (ASM),
and the EXTENDED HDHITﬁR (EM).

BASIC is the program that you will commonly use. It is almost
conversational in form. Since it is a high level language, it is
very powerful and rapid for program writing. o

ASSEMBLER is a shorthand way to write machine language progranms. |
The detalls are covered in the Ghiﬁ Scientific 6500 Assembler/Editor
User s Manual and MOS Technology's Microcomputers. ' ' ffﬂj

™

EXTENDED MONITOR provides the ability to inspect, alter, or
fill memory locations. It can alsc move blocks of program from one

memory reglion to another. Details are discussed in the Ohio Scientific

Extended Machine Language Monitor User's Manual.

The inter-relation of these programs is shown in Figure S.
The recommended way to go from one program to another is shown

beside the direction arrows. These are the commands to be typed.

=35 .
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At Dboot up time, the operating system will deliver you to the
BASIC program as a default.
To illustrate, when-yau.are in BASIC, as shown by the prompt
oK
type
| DISK!"EM”

and you will see the EXTENDED MONITOR prompt
Upon typing
EXIT
you. will leave EM and will be back in DOS as -indicated by the
* prompter. You can return tc BASIC by typing
BA
(Note: wvalid only if BASIC is still in memory) which brings you
back to your starting point.
Since. different services are provided by BASIC, EM, and ASM,

it 1s nice to be able to use these programs interchangeably.

Y.
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2. CREATE a Disk File/DELETE a Disk File

It is useful tn-he able to name a region of disk for program
or data storage. Tha-CRE&TE utility is set up for this purposae.
It reserves room on the disk for your use and enters the file name
inte the directory for future reference.

To illustrate CREATE, turn your computer on and bring up
the disk operating system (0S-65D V3i.l). This process is called
"booting up'™ the system. When the BASIC prompt

0K
appears, type

RUN"DIR" RETURN

Respond to the question
LIST ON' LINE PRINTER INSTEAD OF DEVICE #27
by answering
NO  RETURN
A listing of your disk directory appears. A typical directory
listing follows:

0S-65D VERSION 3.2
~= DIRECTORY ==

FILE NAME TRACK RANGE

0S65D3 g - 12
BEXECH 14 - 14
CHANGE 15 -~ 18§
CREATE 17 - 139
JDELETE 20 - 28
DIR 21 - 21
DIRSRT 22 = 22
RANLST 23 - 24
RENAME 25 = 25
SECDIR 26 - 26
SEQLST 27 - 28
TRACE 29 - 29
ZERO 39 - 31
ASHMPL 32 = 32

5¢ ENTRIES FREE OQUT OF &4

-3T -
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The 1@ directory files use up 10 of the 54 available directory
entries. Fifty (5@¢) entries remain free.

If any track between # and 39 does not have a file name, we
can use that track for our purposes. Let's create a file called
SCRTCH. (This is a good idea to have such a file for storing
programs during development stages.) File names consist of six
or fewer characters; the first character must bé a letter. Type

RUN"CREATE"™ <RETURN>

When asked for a password, respond with
PASS <RETURN>>

Then, the computer will respund with
.FILE NAME?

You respond ﬁith

SCRTCH < RETURN>

~38=~



The computer response C:j}
FIRST TRACK OF FILE?
will be answered with
33
(or whatever track was clear)
Assuming we have only 1 track te copy, the prompt
NUMBER OF TRACKS IN FILE?
1s replied with
1

Now when you
RUN"DIR"™ . b

you will see this new file "SCRTCH" on the disk.
To DELETE this file, we
RUN"DELETE" ; &

We: name the file when

FILE NAME?
appears by typing

SCRTCH
It is common practice to create a scratch file SCRTCH. We can
store 2K byfes (approximately 2888 characters) on a tra:k. If
we take the memory size in Kbytes and subtract 12X (the approx-
imate -system requirements), this leaves your BASIC work space size.
For example, a 24K system needs 24K - 12K = 12K bytes of storage.
Since 2K bytes fit on a track, your entire BASIC work space could
be gtored on 6 tracks. Small programs will cobvicusly require far

less disk storage.

-390
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3. To Write Or Read On Disk

The operating system (0S-65D V3.l) contains simple and powerful
routines to handle disk input and output. These routines permit
using low cost disk storage rather than using the more expensive
random access memory (RAM).

I. A simple connection for storing BASIC programs is available.

Lf %é-have—already created a file, say "SCRTCH" (see preceding
section), then a simplé-prugram such as

18 PRINT "NEW TEST" - |

20 END
can be 'stored on the file "SCRTCH"™ by typing I

DISKI"PUT SCRTCH"™ < RETURN >

If you now type
NEW < RETURN >
LIST < RETURN > ..

nothing will be printed, since the work space was cleaned ﬁy'the

NEW. command.

To load the program from disk inte your EAEIC’wcrk space, type

DISK!"LOAD SCRTCH"™ <RETURND>

2 &
Then the LIST command ] %E, .. LIR
. ) w/ -gﬁ;ﬂ W
LIST <RETURN> —— @”UFJ@ o/

will result in the listing of the previously stored program.

LLl. .Annther-MEthnd to store and retrieve the prngfam an. SCRTCH
is available. You cculd have exited BASIC by typing -
EXIT < RETURN>
Then respend to thé DOS prompt

AR




by typing
PUT SCRTCH < RETURND>

to store the program directly under control of DOS.

The copying of file "SCRTCH" into the work space is accomplished
by typing

LOAD SCRTCH < RETURN>

III. If you wish to be able to specify the disk locations and
memory locations yourself, a more detailed set of commands are
CALL and SAVE.

These commands are used after the operating system prompt -

A#
as |

CALL address = track, sector < RETURN>
and o

SAVE track, saector = address/page < RETURN >
These commands transfer a specified track kl-?n 39), sectﬁ:-(l_tﬁ
the maximum you have used on that track). A page-is 256 bﬁtaﬁg |
Each sector is an integer multiple of pages, i.e., 1, 2,'3-'-
pages'nf 256 bytes each; The address must ;iways be a . four digit
hexadecimal wvalue, track must be two dadimal digits Es&_traak 2 |
is written #2), and sector is one decimal digit: Pages mu;t'hé:'
one hexadecimal digit within the;range Lte 8, ﬁ-given sector
can be referenced only if all lower numbered sectors exist on the'
specified track. |

The CALL and SAVE commands are particularly suited ta'stnring

and retrieving machine code programs. An example of this is shown

in the use of disk cnpy.ruutinEs given in the-appendix; The CALL .

TS
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and SAVE also permit storing data on a track without the requirement
of ¢reating a named fila. -

Since all these routines can be invoked within a BASIC prmgram,l
we have the ability to run complete BASIC programs which use other
BASIC and machine code programs, brought in as needed from disk.
This provides the aﬁility to use large programs, small parts of
which are brought into memory as needed.

However, you will'nften want to use these routines, CALL and
SAVE, under BASIC. The DISK! command can be used to gain access
to the gperating system commands while remaining in your BASIC
program. For example, to SAVE a program on track 39 for 1 sector,
where the program is resident at memory locatioen 3279 hexadecimal,
and it is. less than one page (256 characters) leng, we could use

DISKIT™SAVE 33,1 = 3279/1" <RETURN>

Likewise, to recall this same program back inte these same memory

locations, we write

DISKI"CALL 3278 = 33,1"<RETURND

Caution is urged, as it is possible to bring your disk program on
top of a program you are using. This will destroy the program
which is overlaved. Each command that gives you additional power

ar dis;ratian carries the need for additional cautian.

wlp P



Chapter IV ' .

Disk Utility Programs -{i:}
Some housekeeping programs are available on your system disk.
We have already looked at the use of CREATE and DIR. When we have
no further need of a disk file, or when we need to make room on
your disk for a new file, we have a need of the DELETE utility.
DELETE Utility
The DELETE utility is invoked by
RUN"DELETE" <RETURN >
As in any utility where you run the risk of deleting valuable
programs. or data,.the-utility program requires
PASSWORD? !
to which yau.respund'
PASS < RETURND
(2

The utility then requests the name of the file to be deleted as
FILE NAME? | |

to which you name the file name tﬁ be deleted. Upon deleticn, the

file name will be missing from the directory. When a file is

DELETEd, only the name is removed. The program or data which

resided on disk will still be present. If we wish to erase the

data which is present in a file, we invoke the ZERO utility.

ZERQ Utility

The ZERQ utility will f£ill & named file with zereos. This is
valuable when we wish to place a background of zeros on which we
can readily recognize ocur data or program. We invoke the ZERO
utility by

RUN"ZERO™ < RETURN >

—4 3~
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When the utility requests
PASSWORD?
Again, we use the password
PASS <RETURND>
The utility then requests the name of the file to be zeroed as
FILE NAME?
Reply with the file name. When the question
IS IT A NORMAL 8 PAGE DATA FILE?
is printed, you answer either YES or NO. Usually, you answer YES.
If you answer NO, the following message is printed
THEN HOW. MANY PAGES PER TRACK?
(Each pagﬁ-ccntaina 256 bytes.) You may reply to the question with
any number from:1 to 8.

When the file has been ZEROed, the utility will return you to

: the BASIC program.

RENAME Utility

. For convenience, we sometimes wish to change file names. The
directory entry for file name can be changed by

RUN"RENAME™ < RETURN >

‘The utility requasts your

QLD NAME?
fou respond with the existing file name which you want changed.
‘I_"h.n?_* pro gra.m' responds

RENAME' OLD NAME: TO?

You type the new file name as your response. File names may be

lftﬁ-ﬁ characters, with the first character a latter.

=Bl
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Upon completion of the RENAME utility, the user is returned RN

to BASIC.

DIRSRT, Directory Sort Utility

As we add entries to the disk directory, these are added in
order of entrvy. As the directory gets full, we will want the
directery to be placed in order. The cheoices are alphabetical
order of file name or numeric order of track. This utility is
invoked by |

RUN"DIRSRT™ < RETURN >
Tou will be asked -

SORTED BY NAME OR TRACK (N/T)? S

Reply N or T te select alphabetical or numerical order.

When asked
Y
LIST ON LINE PRINTER INSTEAD OF DEVICE #27 R
answer
NO < RETURN >
te avoid a printer listing (unless you have a printer on Device #4
port anﬁ want a listing).
If you enter an unsatisfactary answer, the utility will not
sort the directory.
SECDIR, the Se:tuf'Directﬂry Utility
The SECDIR sector directory utility will list the track contents
by sector. A sector is a subdivision of the track, which is divided
into pages of 256 bytes each (for a maximum of eight pages per
track). Since the operating system can load sectors, without
having to load an entire track, this utility provides a gheck on
disk utilization. - To invoke its use, ::;D

-5
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RUN"SECDIR"™ <RETURN >

The utility will inquire
FIRST TRACK?
respond with any track number between 1 and 39. To the question
LAST TRACK?
you have the same choice of answers (1 to 39). If we had examined
track 13 (which contains the COPY utility, typically) we would
give the first and.lasf track as 13, where upon the listing would
appear-
TRACK 13
g41-985 ‘ | | A

indicating that track 13 contained one sector of five pages.

The TRACE Utility

The TRACE utility will display the line number of each state-
ment prior to execution. This utility will permit seeing the
sequence of caleulations. in a BASIC program. The TRACE utility
is invoked by

RUN"TRACE"™ <RETURN >
The TRACE.utility-will'respun&

ENAELE OR DISABLE (E/D)?
Te invoke the utility type

E <RETURN>
If you. had already invocked the TRACE, you can turn it off by
invoking the utility and responding

D <RETURN >

as the chosen response.

TR
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The first number the computer types is k+
169 |

the last line of the utility program. The TRACE utility doesn't

affect the sequence of operation of the program.

Random Access File List Utility, RANLST

- This utility program may be used to list the contents of
a2 random access file either a single record at a time or in
groups. of cﬁntiguuua facnrds. ERandnm-accesE files are labeled
with a record number in contrast to sequential access files.)
The program assumes 128 byte recnrﬁs. To list a random file,
type | Sl
RUN"RANLST™ < RETURN>

The program cutput and the kind of input you may enter in

O

response are as shown below. Any unacceptable response will
result in an error message and/or a repeat of the request for
input. -

RANDOM ACCESS FILE READ

FILE NAME?

Enter the name of the random access file to be listed.

EXAMINE SINGLE RECORDS OR GROUPS (5/G)?
Enter S or G. If S is entered, the number of the single record to
be listed is requested.

RECQRD NUMBER?
Enter the number of the record to be listed. (Records are
numbered from zero through n.) The specified record is listed,
then the RECORD NUMBER questilon is again asked. To terminate

the program, merely type a iiRETURH:} te this question.

I Ty




If G is entered above, the range of record numbers to be
listed are requested.

FIRST RECORD?
Enter the number of the first record to be listed.

LAST RECORD? )
Entar'the.number of the last record to be listed.

The specified records are listed, then the "SINGLE RECORDS
OR GROUPS™ question is-again asked. To terminate the progranm,
merely type a < RETURN > to this quéestion.

Note that this program reads and lists a single string'fram
the start of each record. Random files with more than ane enffy
(an entry is a string of ﬁrinting.characters followed by a return)

per-reccrd.uili not De fully listed by this program.

Sequential File Lister Utility, SEQLST

This utility'prngram:may-ba used to list the contents: of a
Ssequential file. A sequential file is one in which alil entries
within the file are contiguous with no intefvening gaps. To list
4 sequential file, type

RUN"SEQLST™ <{RETURND> -

The program output and the kind of input you may enter in
response are as shown below. ﬁﬁy unacceptable response will
result in an.érrcr message and/or a ﬁepeat'uf the request for
input..

SEQUENTIAL FILE LISTER

TYPE A: CONTROL C TD STOP

FILE. NAME?

Enter the name of the sequential file to be listed.
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The specified file is listed until you fype a CONTROL C or
the end of the file is reached in which ﬁase the program terminates
with the following end-of-file message:

ERR #D ERROR IN LINE 129

oK

CHANGE, the Utility for Work Space and Input/Output Change

The CHANGE utility services Input/Output parameter changes.
The normal (default) wvalue for printer width is 132 spaces. These
are the printable characters, which get padded by blanks at cutput.
Carriage return and line feed are automatically added beyond these
132 spaces. Additianally, the number of printer fields (the number
of wvariables which can be printed across a page) has a default
value of 8, one less than the number of whole 14 character columns
that will fit within 132 printable characters. .&ny change in
printer width will change the number of printer fields accordingly.

To invoke the CHANGE utility, type

RUN"CHANGE" < RETURN >

The program cutput and the kind of input you may enter in
response are as shown h&lmw; Any unacceptable response will result
in an error message and/or a repeat uf.the request for input.

CHANGE PARAMETER UTILITY

THE TERMINAL WIDTH IS SET FOR 132

DO YOU WANT TQ CHANGE IT (¥/N)?

Enter YES or NO. If you enter YES, the program requests a new
value for the terminal width.

NEW VALUE? |

Enter a new value from 14 through 255.

5 i
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The next option to change is available memory. Since you
will receive a default value of the maximum memory available, any
change will reduce the memory available for BASIC or ASSEMBLER use.
By denying memory allocation to BASIC and ASSEMBLER, room may be
reserved for machine language programs.

The CHANGE utility, after the prior Input/Qutput changes,
will reply: |

BASIC' & ASSEMBLER USE xx K WORK SPACES (yyy PAGES)

WQULD YQU LIKE TO CHANGE THIS (Y/N)?

The work space is thée main memory available to the system software.
Each K (1024 bytes) contains four 256 byte pages. A change to
this. parameter will make a portion of highest memory unavailable.
to systems saftware-__ﬁnta that such memory will not be included
within. LOAD/PUT files.

Enter YES or NO. If you enter YES, the program requests the
number of pages to be used by-syétem-snftwara,

HOW MANY PAGES. SHOULD THEY USE?

Enter a number of pages from 5¢ through 191.
The program contines with:

CHANGE BASIC'S WORK SPACE LIMITS (Y/N)?

Enter YES or NO. If you enter NO, the program terminates. TIf
you enter YES, the program requests the following:

HOW MANY 8 PAGE BUFFERS DO YOU WANT BEFORE THE WORK SPACE?
Enter ¢, 1 or 2 tczreserve.that many track buffers at the beginning
of the work space. Note that device § memory buffered I/0 uses
the first buffer by default while device 7 uses the second buffer
by default. Of course, these defaults can be changed with appro-

priate POKEs. If no buffers are specified, the program asks:



WANT TO LEAVE ANY ROOM BEFORE THE WORK SPACE?
Enter YES or NO. If you enter NO, the program ocutputs the addréss
of the start of the BASIC work space as shown below. If YES is
entered, proceed to the "HOW MANY BYTES?" question below.

If one or more buffers was specified, the program continues

with:

WANT TO LEAVE ANY ADDITIONAL ROOM?

Enter YES or NO. If you enter YES, the following question is asked:

HOW MANY BYTES?
Enter the number of additicnal bytes to be allocated before the
start of the work space.

The program then outputs the new address for the start of the 
work space and the total number of bytes reserved for buffers, ete.

THE BASIC WORK SPACE WILL BE SET TO START AT aaaaa

LEAVING bbbb BYTES FREE IN FRONT OF THE WORK SPACE

' IS THAT ALRIGHT?

Enter YES or NO. If you enter NO, the program requests that you
specify an exact lower limit address for the work space.

NEW LOWER LIMIT?

. Enter a lower limit address. The program then confirms this value

by outputting:
bbbb BYTES WILL BE FREE BEFORE THE WORK SPACE
The program then continues with:
YU HAVE xx K OF RAM
DO YOU WANT TO LEAVE. ANY ROOM AT THE TOP?
Enter ¥ES or NO. If ycﬁ enter YES, the following question is asked:

HOW MANY BYTES?

-5t
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Enter the number of bytes of Random Access Memory (RAM) to be
allocated between the top of the work space and the end of main
memory. The program then outputs:

THE BASIC WORK SPACE WILL BE SET TO END AT ccccce

LEAVING dddd BYTES FREE AFTER THE WORK SPACE

IS THAT ALRIGHT?
Enter YES or NO. If you enter NO, the program requests that you
specify an exact number limit address for the work space.

NEW UPPER LIMIT?
Enter an uppar'limit.address; The program then confirms this
value by outputting:

eeee: BYTES WILL BE FREE AFTER THE WORK SPACE.
Note that the reservation of space after the work space is not
recorded on disk with a program when it is saved in a file. The
allocation is only recorded as a. RAM resident change to tﬁe BASIC
interpreter and remains in effect until explicitly changed again,
or BASIC is relcaded by typing BAS in the DOS command mode. Later,
running a program that results in an "Out of Memory" (OM) error
may be the result of a reduced work space that is no longer required.
Program output continues with:

Y0U WILL HAVE £ffff BYTES FREE IN THE WORK SPACE

IS THAT ALRIGHT?
Enter YES or NO. If NO is entered, the Change Parameter Utility
Program restarts from the beginning. Utherwise, the requested

changes are made, the work space contents are cleared and +he

program. terminates.
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Chapter V

Peripherals, An QOverview ‘

A computer's value over a calculator depends on its ability
to change its sequence of computaticn based on the results already
computed. This is particularly important when the values used in
computation (decision) are data from or to external devices.
External devices uge the data, binary 1l's and 0's, sent over lines

from the computer as output. The l's and @'s are represented

by nominal § volt and # volt levels (TTL logic levels), respectively. '

Likewise, external devices can send data as input to the computer.
Again, standard TTL logic levels are used.

Control, in the C4P, includes being able to turn on/off (and
set the level of) AC controlled devices, such as lamps, motors,
and. appliances. Contreol also includes being able to supervise
security alarms, as well as numeruﬁs status switches. All
of these capabilities allow device operation while the computer
is doing tasks of a more immediate ﬁriarity.

In the next two sections, "Appliance Control"™ and "The Home
Security Alarms", the most popular appli:&tians are considered.
Then, in greater detail, the many possibilities of additional
options and capabilities are considered. By combining the
capabilities of several features in one program, great flexibility
and power can be obtained. All of this is controlled by your

readily written BASIC program, based on the examples that follow.
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1. Appliance Control

Without running any wires your C4P can operate lamps. and
small appliances when equipped with the AC-12 options! This is
accomplished by the EER.K-lﬂ(E} a remote AC signaling system.

The computer a&fivates the BSR command console which, in turn,
Sends. & signal over the existing home wiring. This signal is
sensed at the appropriate device by a small switch module plugged
into the AC outlet. Tﬁe switches are modules which plug into the
wall sockets (118 volt AC power lines). The applian:es are plugged
into these modules. |

Two types-af'switcheﬁ are available;'a lamp switch and an
appliance switch. A cuntlnunusly dlmmable lamn switch provides
adjustable ln:andescent llghtlng levels (up to 380 watts per lamp)
throughout a bulld;ng: A relay actuated (cn-cff} appliance switch
provides. contrel of larger devlces such as 1amps (up to 580 watts),
motors (up to 1/3 HP}, or current lﬂadsncf”up to 15 amperes.

Each remote switch mndule has two dials.' Gne ‘selects "hﬂuse
ﬁnde"._ You have sixfé&n.chn1ﬂes lndlcated by the red letters A
through P. The “hause code" on. the remnte mndule must match the
"house code” on the cnntrnl cansule.' The varluua "house codes"
prevent signals fram.uther cnmputers from actuatlrg your remote
switch modules. .-Each swltch module also has a "unit code” dial (up
to 16 units can be addressed};_ﬁhich Eetmits gfeatlflexibility in
home/office cantrul.l | '

Lights in 'each room can be nut on. a- dlfferenh ‘module. Computer

control permits turning l;ghts on and cf nna room at a time.
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The timing and sequence, following your directions under computer
control, can be specified with simple commands.

In order to run your own AC control programs, we need to borrow
support programs from your system disk (0S-65U V3.1 HC).

Software control of these remote switches requires running the
previuuﬁly stored program, "AC", by typing

RUN™AC™
This brings the devicé driver programs from disk. The device
drivers permit a relatively simple set of commands to control the
more complex functions of the lamp and appliance switch modules.
Your user program must contain

a) A POKE to set the display screen state
FPOKE 249,1

will set a &4 by 32 character BEW (sound off) display in
the same manner as you can use

POKE 56832,1

To set the display state (discussed in wvideo section)

b) Address 548 (224 hex) and 549 (225 hex) must contain the
low and high bytes of the address of the AC driver routines.

These are set for us by the command

POKE S48,127

PO¥E 543,58
Having taken care of the three required POKEs, we can now write
device driver programs.

The AC driver routines utilize a new BASIC command, ACTL, with
the following format

ACTL DEVICE,COMMAND
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l where DEVICEs are numbered 1 to 16 and the COMMAND choices are

‘as follows:

Function COMMAND
Turn on device ' 65

Increase brightness (lamps only) | 66

Turn all lights on (lamps only) 57

Turnlaff device : 68

Decrease (dim) brightness (lamps only) - 89

Turn all devices off ' 70

fThE-tctal range of dimming (brightening) is accomplished in 12 steps.)

Lf a light is in the off state, brightening it will result
in it being turned on, first.

This ACTL command can be used to turn on device number 4

‘ (plugged into a module which has had its unit dial set to 4) by

ACTL 4,85 <RETURND> |
Multiple devices, for example numbers 4% and § can be turmed off,
using the format |

ACTL. DEVICEL,DEVICEZ2,...,COMMAND <RETURND
as | |

ACTL 4,5,65 <RETURND
Similarly, use of the fofmat

ACTL DEVICE,COMMAND,COMMAND, ... ,COMMAND < RETURND
perﬁits-brightening device 4% through 3 of the 12 levels of bright-
ness by

ACTL 4,66,66,66 <RETURN>

Another variation of the ACTL command is
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ACTL
ACTL
ACTL
ACTL

which can

108
200
3éd
4Laa
588
640

DEVICEL
DEVICE2
COMMAND

COMMAND

be used to slowly brighten device 1l and 2 simultaneocusly

ACTLL

ACTL2

FOR TIME=1 TO 12
FOR DELAY=1 TC 1849
ACTL 66

NEXT TIME

NEXT DELAY

For safety considerations, the command for "all off™ (78), which

turns off all lamps and appliances, was not matched with an ™all on"

command.

We now have software commands to control ene of the peripheral

The "all lights on

devices on the C4P system.

will be serviced in a similar manner to the devices already described.

" affects only the lamp modules.

New additions to the peripheral family

When we have examined each of the available devices, we shall put

the devices together in a REAL TIME system.
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2. The Home Security Alarms
The first level of home security can be met with the home
security alarms alone. These devices provide checking for fire,

intruders or tampering with your vehicles. All alarms report

their status by radio-control to the home control module,

connected to your computer (on J3 of the C4P back panel, Figure
1B). Each alarm module cﬂntains Tthe sensor, battery power, and
a radio transmitter to assure a reliable and tamper resistant
operation. |

The fire alarm can sense temperature (thermal contact) or
smoke (ionization detector). The intruder alarms are silent
magnetically actuated door or window position sensors. By com-
hining these alarms.with cumputeriiad response, such as automatic
dialing of the telephone emergency numbers, a rapid response to
eritical situations can be managed. The car alarm senses car
batter?.vult;gg change; a door opening or the radio or lights left
on would actuate the zlarms. The intrusinq-and car alarms permit
choice of immediate alarm or delaying for 15 seconds prior to
actuating (sounding) the alarm. This gives time for you to disable
the alarm when you enter the house narmallj.

Additionally é han& held alarm is available for handicapped
or bedridden persons. All alarms have an effective radius of
200 fr. (60 meters) from the alarm site to the computer home
control module.

The alarms are located at the computer address 63232 and
the alarm control at 63233. The élarms are enabled (permitted
to report back to the computer) by setting locaticns 63233 and

63234 to the values given in. the program below:

=58~



S ¥ I T T S ST

R N e N e

13 REM PROGRAM AID ; LISTEN FOR HOME SECURITY ALARMS
20 ENABLE=@ : HEAR=p : TRIP={
- 38 ALARM=63232 : CTRL=63233 : START=4
4“8 POKE CTRL, ENABLE : POKE ALARM, HEAR : POKE CTRL, START
S§° REM SET UP TO LISTEN TO ALARM LINES
54 FIRE=l : BURGLER=2 : CAR=l : MISC=3
78 TI=PEEK(ALARM) AND FIRE
80 T2=PEEX(ALARM) AND BURGLER
99 T3=PEEK(ALARM AND CAR
188 Tu=PEEK(ALARM) AND MISC
114 REM TESTS T1,T2,T3, AND T4% TO CHECK IF ALARM TRIP
128 IF T1=TRIP THEN PRINT "FIRE"
130 IF T2=TRIP THEN PRINT " BURGLER"
138 IF T3=TRIP THEN PRINT "CHECK CAR"
154 IF T$=TRIP THEN PRINT "MISC ALARM"
160 GOTO 79
178 END

In later examples, we shall incorporate further alarm response,
Your alarm monitoring can hé done while other programs are being
run. This powerful technique is available when you use the Eeal
time monitor, RTMON. Many computer controlled responses can also
be called. TFor example, AC, Appliance_ﬂcntrcl can regulate
light levels or sound warnings; automatic telephone dialing can
summon aid. |

The user has the ability to maintain detailed supervision
of hﬂﬁe security with the simplicity of conversational instructions

in BASIC.
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Chapter VI

ui;ﬁil_ngﬂJ .General Peripherals, Th21r Use

The distinguishing characteristic of the home security/control
features is the ability to control external devices by use of your
C4P computer. But the C4P is s+till a "personal” computer.

The traditional devices, such as a line printer or modem,
can. be attached (through standard connectors) +o your Cup system
("modulator-demodulater", used to connect the telenhnne to the
computer). The camputer signals the modem to generate or receive
tones which can be carried by the telephone lines. A line printer
provides convenient data logging for record keeping in the home
or business. Further, the line printer provides a documentation
aid in program development. For these reasons, a line printer is
often an early choice in expanding a user's éystam_ More recently,
low cost modem :irﬁuits héva-permitted connecting the user's Cup
to a telephone interface. This allows conversations between com=-
puters. In man% énvirunments, students and others can find access
to the large mainframe computers at their school orp place of employ-
ment which allow dialing-in for off-site use. four modest investment
in & C4P system can unlock all the facilities of a large cﬂﬁputer
center at your canvenience,'withﬁut travel from your chosen location.
The home or business C4P system will also have need of ﬁhecking

switch positions for open or closed étatus. Home security systems
provide an obvious application. We'll use a greenhouse temperature
control and alarm system in a later example. Fire alarms, counting
events, timing occurrences, regulﬁting intervals, signaling by tone
generation, and even voice generation are pessiﬁle with your CuPp

system.
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The demonstration disks have shown you part of the power of

your system. The applications which you will write can bring this

power to tasks of your choosing.

Let's lcok at the characteristics and use of the axternal

devices.

1)

2)
3)

&)

5)

Now, lat’

The examples which follow will show

device assignments, including use of printer, modem and
disks

tone and music generation

joystick and keypad entry of data. (Also, these input
devices provide convenient game control as a bonus.)

voice generation for communications

and

control using timers and a real time monitor to supervise
the tasks above.

s. examine those applications.

]
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1. The Printer, Modem and Other Input/Output Devices

Each character which we store or move is represented by 8 bits
(ones or zercs). Normally, we have data on eight data lines (called
a data bus), simultaneocusly. fhis is convenient when the cost of
maintaining multiple lines is low, due to short line lengths. For
longer lines, extra circuits for each line are necessary to maintain
data signal fidelity. Also, the cost of maintaining long data lines
must De balanced againét the speed and convenience of having all
data bits simultaneously available.

Certain davicas'require gerial data handling. Serial data

- handling treats one bit (off-on) at a time, rather than all data

bits simultaneously. The serial devices are low speed, with no
ability to simultanecusly transmit or receive more than one bit
at a time. Bits are collected by the serial data deviae:unfil.a
complete. character is available. Then, when the complete character
has been re:eivaﬁ, it is sent in parallel (all bits simultaneously)
to the computer far-prccessing; Serial data is handled by an
Asynchronous Communications Interface Adapter (ACIA) which converts
the parallel (simultaneous) data into serial data for transmission
(or reverses the process for reception).

A simple analog might suggest the function of the ACTA.
Consider that the input from a computer is tyﬁically 8 parallel,
simultaneous, input bits. We can represent the function of the

ACIA by a child's whistle, where we input data (peas) in parallel

o

SSisielelele
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As data is ocutput (removed from the ACIA device) we represent the

sequential or serial flow as

Data flow in both directions could be accommodated (though not
gsimultaneously) by reversing the process. The electrical equivalent

of the whistle analog would be - o

SEGa
q e Hﬁ_-d‘ 1
S ETLAL 4 Pl J/*\ N
, DA™ b R SN ¢
] s | D our S S
| ﬁ....._.
h—l--- q-l—-—
Pt i
D
o Dam
our
'D .
?ir Efﬁﬁ*' : SERIAL 1M

where control and timing for the ACIA must be provided, additionally.
This serial (or sequential) handling of bits reﬁuires fewer
wires for data transmission, but the data handling rates are con-
sequently reduced. This is ne disadvantage if the device to which
we sent data is limited to low mechanical speeds (such as printers,

plotters) or low data rates (telephone lines and their modems).




The system will normally be éet up with the information
handling rate (baud rate) set at 1220 bits per second (1288 baud).
For the modem use, this must be changed te 3808 baud. The two
choices are given Dby

POKE 64512,1 : REM 12480 BAUD RATE
or . | |

POKE 64512,2 : REM 344 BAUD RATE

In contrast to the ACIA, Parallel Interface Adapters (PIA's)
handle all 8§ bits of a character's data simultaneously. These

serve as interface to the outside (of the computer) world.

I/0 Distribution

The simplest way to send data to the ACIA is to inform the Disk
Operating System (DQS) that the ACIA is +o be an output pert. The
command, responding to the DOS prompt |

AR
ig |

Iqa ,a81
This assigns the ACIA as the scle system output port.

The general form of I/0 distribution is

I0 nan to assign input devices only
I0 ,mm to assign output devices only
[0 nn,mm o assign both input and output devices

Note that these numbers, nn, mm, are in hexadecimal (base 135).
Each device number assignment must be a two digit number selected

from the following list:
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Hex nn Input Device Code - Hex mm Qutput Device Code hﬁqfﬁ
g8 Null a8 Null
1 Serial Pert {AﬁI& at Fcag) g1 Serial Pert (ACIA at FCd8)
#2 Keyboard on 448/548 Board . 82 Video on u44d/54d Board
4 UART on 438 Board 4 UART on 438 Board
88 Null g8 Line Printer
18 Memory 128 Memory
28 Disk Buffer 1 _ Eﬁ' Disk Buffer 1
48 Disk Buffer 2 , 49 Disk Buffer 2
89 550 Board Serial Port 88 558 Board Serial Port
Each of the device codes listed is a hexadecimal value corresponding i
to one bit or device. TFor example, the ACIA (device 81) is given |
by bits oy
4090 0001 4 o
and the video hcaﬁd (CRT terminal) is &evi:e 82, given by bits
goae 414
We can use both devices simultanecusly by specifying the device
. with a bit pattern
gggo 441l
which is hexadecimal #3. Therefore
I0 ,83
will send data to the-CRf terminal and the device on the ACIA port,
simultanecusly. Multiple cutput devices may be used (in contrast
to only single input devices}p We could have attached either a
serial printer or a talephnné-line modem to the ACIA ocutput as
the external device:. However, only one dévi:e, the modem or the
printer, may be attached at any one time. That is, you can't }
N
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have power applied to the printer and modem simultanecusly. You
may store modem data on disk files for later printing, so this
is not a diffi:ult_rastrintiun. Only one device will have its
input accepted at one time. Since the I/0 command may specify
multiple input devices, a priority rule is established. On input,
the lowest numbered devices gets to talk. Other devices are ignored.
This gives the modem port high priority.
| As an altermative to the I/0 command, the ACIA - port may be
addressed by using the ACIA control register address of FCO0
hexadecimal (64512 decimal) and its data register of FCAL hexadecimal
(64513 decimal). Reading or writing can be accomplished using the
BASIC PEEK and POKE commands.
The simple program
S REM PRINTER PROGRAM
16" POKE 64512,1 : REM SET 120d BAUD RATE
2% AS="NOW IS THE TIME FOR ALL GOOD MEN"
3@ FOR T=1 TQ 28 : REM PRINT 28 TIMES _ :
49 FOR K=1 TO LEN (AS) |
S8 A=ASC(MIDSC(AS,K,1))
60 FOR DELAY=1 TO 2 : NEXT DELAY
70 REM WE HAD A SLOW PRINTER
80 POKE 64513,A
98 NEXT K : REM MESSAGE COMPLETE
18¢ POKE 64513,12 : REM LINE FEED PAPER
118 POKE 64513,13 : REM CARRIAGE RETURN
128 NEXT T : REM DO ALL 28 LINES
138 END |
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prints the meésage. | .
NOW. IS THE TIME FOR ALL GOOD MEN
twenty times, illustrating the ACTA function.
This method is less convenient than the I/0 command discussed
previcusly and should be used only to overcome new device limitations
(such as the need for the additional delay created by a delay loop

in line 6@).

. Other Devices

For other devices, it is ﬁrchahly easier to accept the device
handlers built intu.thE'EASIﬂ programs. Under BASIC, the devices
are numbered séquantially, L ﬁqu. This renumbering is distinect
ffam the~pfavinu5.IIQ command example. Under BASIC, the davices

&hich.are.availahle are

Device - Device | £
 Number anut Davices Number Qutput Devices : S
1 Serial Port (ACIA 1 Serial Port (ACIA)
2  .Keyboard on 44@/548 Board 2 Video on wu4d/Sud Board
3 UART on 434 Board .. 3 UART on 430 Board
4 Null S - Line Printer
- S. - Memery - - ':- ©§ Memory
b ‘Disk Buffer 1 o s  Disk Buffer 1
T ;ﬂisk'ﬁuffer'i R | 7 Disk Buffer 2
8 EEﬁlEﬁard:Sgrial Port g 550 Board Serial Port
9 Null - | 9 Null
Tha.DDS'Ifﬂ ccﬂmén@.previcusly discussed remains in effeect until it
is reset or ‘an errpf-acﬁuﬁs. #f an error occurs, the default value
is set (start up vﬁi#;}; fn contrast, the device numbers above ﬂan.
ha'assigned far'éach.iﬂpu;fahtput oparation as neaded. For dev?cas —
T \ #
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other than those set up by the DQS L/0 cemmand, we could use the

device assignments immediately above.

For example, to read from the keyboard and write on the printer

attached to the ACIA, we may use
19 INPUT #2,AS : REM KEYBOARD INPUT
2@ PRINT #1,AS : REM TO PRINTER ON ACTA
38 LIST #1 : REM AND LIST PROGRAM, TOO -
RUN

- We will get the input prompt .

.
After typing a message (72 characters or less) and a < RETURN > '

the message and the program will be printed on the serial printer.

Disk Use

As an input/output device, disks can be used in a similar
manner.
However, prior to using the disk, the user should pravide for
protecting his buffer areas by running the CHANGE program as
RUN"CHANGE™
You should respond to the términal width change with
NO <RETURN>
iand respond to a request to change the BASIC and ASSEMBLER use
of mémnry by |
NO < RETURN >
but respond to the work space limit change by
YES < RETURN >
The CHANGE program will ask you "how many 8-page buffers before

the work space." (Remember each page contains 256 characters. )



There are only twc valid responses Here (1 and 2) (ﬂhﬁr:
1l if only one file is to be used |
¢ only two files must be open simultaneously

For the example that follows, 1 is sufficient. No additional

room is required, so resﬁcnd
NO < RETURN >

to that question. You also need not request any rocm at the top

for this example.

The small differences heﬁween a disk and other devices are the
need to open a disk file by name as
DISK OPEN,6, "FILEL"
and to close the file when finished by | "
- DISK CLOSE,S&
We can use these last two statements to store a string received .C?E“
from the.modem. The input from the modem would be | :
INPUT #1,A$
where the string A$ must have as its last character <RETURN> .
Combining these three statements into a program to write a
single message on disk

18 DISK OPEN,6, "FILEL™ : REM QPENS DISK (W/ONE BUFFER)

28 INPUT #1,A$ :REM LISTENS TO MODEM
30, PRINT #6,A$ :REM ECHOS TO DISK
4¢ DISK CLOSE,6 :REM CLOSES DISK FILE
S8 END

Likewise, we could later recover the ddata by the program
13 DISK OPEN,&, "FILEL"™
28 INPUT #6,AS
36 PRINT #2,A$ - fﬂi)

.I\.
L L S
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4@ DISK CLOSE,s

S8 END

In this problem we have written and read sequentially. If we
modify the program to accept mult iple messages, they would be
stored sequentially, one after ancther.

You may inspect the sequential disk file by

RUN"SEQLST™
which provides a listing of the file when you 5ive the information
requested. The computer responds

SEQUENTIAL FILE LISTER

TYPE H. CONTROL -C TO STOQP

FILE NAME?

You respond with the file name of a sequential.fiie

FILEL
and a listing of the file will be printed. Upoen reaching the
end of the: disk file, the message

ERR #D ERROR IN 108
will indicate completion of the listing.

Caution: if you. use the SEQLST utility to lns;ect files which
have: BASIG programs. stcred in them, the display will lock different
than the original text. The reason for this is that the BASIC
program stores. BASIC source programs in a shorthand, called a
tokenized form.

Another popular way is to transfer the disk file (let's say
it was- stored on track 39) by the CALL statement

DISKI"CALL D3g@8=39,1"

which writes the file contents onte the middle of the CRT screen.

~T70=



Note that some apparent garbage will be additionally printed here i’
due to the unused portion of the disk file being printed, too. -

1f you wish to handle data in a random order, for example.
extractiﬁg the 20th data item from a file, it is not necessary to
read the 19 prior data items. The use of random data itaﬁs,
also called records, is particularly useful when you examine a
large set of data. Such data might be a set of customer accounts,
2 checking account history, or even temperature records for given
days. In all these cases, the need arises to extract a specific
record, without looking at all the prior records..

| To aid in understanding the handling of random records,

visualize a.painter which marks the start of a record. The GET
command moves this pointer at the start of a given record. For
axample, _ - : s

DISK GET,# e,
places the pointer in front of the first record. Similariy,

DISK GET,S |
places the peointer in front of the sixth record. This method
makes 1t easy to locate a record on the disk, however, it is
wasteful of disk storage capability.

Each record uses a large disk area (128 bytes). The value
of 128 bytes is preset by the operating system. |

We may terminate a random (not sequential) input record by
the PUT command. This will close the prasent record from further
input. |

A simple program to write three records on disk file "SCRTCH"

and then GET the second record from thét file, would be




14
28

30
@

3

6@

74
ad

38

104

118
128
138
lug
158
168
178
184

138
208
« 218

REM PROGRAM WRITE TEST

REM OPEN THE DISK FILE SCRTCH

DISK OPEN, &, "SCRTCH™

REM LOQP THREE TIMES TO END OF LOOP

FOR TIME=1 TO 3

REM PLACE 128 BYTE. RECORDS ON DISK BY

REM (A) POSITION PGfHTER WITH A GET COMMAND

REM (B) PASSING THE MESSAGE TO THE DISK BY PRINT COMMAND
REM (C) CAUSE THE RECORD TO BE WRITTEN BY PUT COMMAND
DISK GET, TIME-1

INPUT #2,AS : REM TYPE IN ANY PHRASE FROM KEYBOARD
PRINT #6,A% : REM PLﬁEE IN MESSAGE BUTTFER

DISK PUT'  : REM TRANSFER MESSAGE BUFTER TO DISK
NEXT TIME |

REM END OF LOOP

RCRD=2

DISK GET,RCRD-1 : REM ‘POINTER AT START OF RECORD 2
INPUT #6,A$ : REM READ DISK'S SECOND RECORD
PRINT #2,A$ : REM AND OUTPUT TO CRT (TERMINAL)
DISK CLOSE,5 |

N

The use of sequential and random disk files permits simpler

control and bookkeeping than the CALL and SAVE or LOAD and PUT

commands which we used for earlier file handling. This is one

difference between record handling as compared to file handling.
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5.

More Devices | Y

Memory can also be treated as a device. When we accept data
from memory (Random Access Memory or RAM) as the input device,
the DOS uses the address found in locations 238A (low address half)
hexadecimal and 238B (high address half) hexadecimal) to determine
what memory region to use. After each input, the address is
incremented by one location. Memory, as an output device, is
specified by the contents of 2391 (low address half) hexadecimal -
and 2392 (high address half) hexadecimal.

To load the address of memory to be used an input device *
into 238A and 238B, and also load the address memory to be used !
as an output device- into 2391 and 2392, DOS provides the command

MEM mmmm,nnnn | hfﬂmﬁ
mmmm 1S the address of memory to be regarded as an input device e
(its starting address) and nnnn is the address of memory to be
regarded as an output device (its starting address). For example, !

MEM 5@00,5500
would load the locations

jLocation Contents
Input 9498 2384 Bd
Address  gp9g9  238p S
Output 9185 2391 ol
Address  g1g6 . 2392 55
which establishes memory locations 5808 and up to be used as an
input device and locations 5504 and up to be used as an output
device. No end of these memory regions is specified, so the ey
user 1is cautioned in thelr use. ﬁ#”“vfu
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There are 256 selectable characters which are available for
your use. The 256 characters, selected from a larger pessible
set, pﬁuvide versatile graphics without heavy demands for memory.

The memory selected for storing the screen image is from
53248 to 55295 decimal. The color selected for each symbol is
stored in another set of memory locations from 57344 +o 59391,

The locaticns for storing color valuealare 4396 locations beyond
the location for the corresponding symbol. (Since 16 colors are
available, only % bit (half byte) storage is pra*ided.] You might
regard memory as an image of the screen.

A work sheet is provided in the appendix to make an easier
task of screen picture layout.

Display- of any image is achieved by placing (in BASIC, using
the "POKE"™ command) the character value and its color inlthe:
desired locations. For example, the BASIC program to place a blue
X" in.the-miﬁdla=raginn of a. 64 by 32 character display, at location
54302 (D41E hexadecimal) would be

1% POKE $56832,5 : REM TURN COLOR ON, SOUND OFF

28 POKE 54392,188 : REM MID SCREEN LOCATION 54343

38 REM SYMBOL 181 IS AN X

44 POKE 58348,8 : REM COLOR NUMBER 8 IS BLUE
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WEATIOY 39232 -
@Tee  wea)

3T Amws

EATON  ITi4

TGE. OF IMORY OF SUAEEN  CWRALTERS,

(mam v}

*.
Enanm

———

S
L

AL OF SOVEM CWCTIRS

79—

S LOLATION  ST29%
(TTeE wea)

(EFar  wen)

LOCATON S
(g we)

||||||




)

Jur color selections must be made from the list

Decimal Value

A

L

Lok

19

I1
12
13

14
15 -

Color Selectad

Yellow
Inverted
Red
nverted
Green
Invertad
Qlive Green
Inverted
Blue
Inverted
Purple
Inverted
Sky  Blue
Inverted
Black

Invertad

. An inverted color is a black background with

Yellow

Red

Green

Qlive Green
Blue
furple

Sky Blue

Black (no color)

the symbol in color.

Each of the 32 by &% cells can be colored. To improve viewing,

- only the center two-thirds of the screen is used for graphics.

For any line, the left and right border's color is the same as the

last cell on the line (rightmost).

color around te the left border.

The right border wraps its

The cell immediately before the

léffmnSt'(addfessahle} cell has the same coloer as the leftmnat call.

" "Te illustrate the color choices, we shall try a program that

'shiﬁ in that order) into adjacent locations.
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181

182
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138 98

We shall display this ship acress four columns for 16 times. Each

time we shall change the color. Our program would be

19
28
39
49
58
68
70
80
ag

1990

118

120

130

140

158

160

POKE 56832,% : REM SET UP COLOR ON, SOUND OFF

ST=53248 : REM START AT UPPER LEFT

C=ST+48986 : REM COLOR AT 4996 BEYOND SGREEN_LOCATION

FOR RW 9 TO 32 : REM ROW INCREMENT LOOP

FOR CM @ TO 63 STEP 4

: REM COLUMN INCREMENT LOOF

D=RW#*54+CM : REM COMPUTE SCREEN DISPRACEMENT 5;

POKE ST+D+8,181 : REM SHIP USES & CELLS

POKE ST+D+1,182
POKE ST+D+2,188

POKE ST+D+3,96

FOR' I+l TO 3
FqKE::H+n+I,IMthnfu}

NEXT T

- NEXT CM

NEXT .EW
GOTO 249

Since we have looped the ﬁrpgram on itself, we use < CONTROL c >

to exit this program.

Examining the possible character fonts in the appendix shows

a wide variety of useful images for your own program sources.

o
: REM SAME COLCOR FOR WHQLE SHIP
f N

r.a—cr--""x. 1
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We have examined a simple methcd to read the key closures
without disturbing the vidéa display. This method can be extended
to the keypad and joystick accessories, which are merely extensions
of the keyboard.

By using similar programs, interactive games and their displays
are easily cﬂntrcllédr The complexity of the most inveolved game

does: not require any more than the example we just examined.

-l
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Some special purpose keys should be mentioned. \ :

1)

2)

3

43

8)

6)

7)

g8)

g)

SL - the SHIFT LOCK key forces upper case latters to be
printed on the CRT. It should be depressed prior
te bringing up your system or running BASIC. Unlike
a typewriter, however, the numbers will be printed
normally. If you wish to type the symbols above the
numbers, press the <{SHIFT> key simultaneocusly with
the desired character. The SHIFT LOCK key is used
for normal entry. It should be released only for use
of lower case letters, and then reset.

BREAK - resets the computer any time after the system is
powered up.

SPACE BAR - provides a space when pressed.

RETURN - must be pressed after a line is typed. The previcusly
typed line is then entered into computer memory.

CONTROL C - Press <CONTROL>while simultaneously pressing C. |
Program listing or executing is interrupted, and Sy
the message :

BREAK IN LINE XXX

.

is printed. , ' '
)

SHIFT 0 - press <SHIFT> first while simultanecusly pressing
Q. The last character typed is erased. By the way,
¥ is the letter "oh™; 8 will represent the number
"zero™. You do not type the slash. It is just to
make reading easier.

SHIFT P - press <SHIFT> first while simultaneocusly pressing
P. The current line being typed will be erased. The
symbol '@™ will be displayed. ' The effect will be to
rarase .the line. typed and enter a <RETURN.> and
<LINE FEEDD>.

D = When pressed after <BREAK> , causes initialization
of the computer and boots the operating system from
disk.

M - When pressed after < BREAK>, causes initialization

of the computer. The computar 1s then in its machine
language monitor.

With this agreed notaticon, let's write a program!
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3. Keypad

The keypads are merely extensions of the keyboard as are
the joysticks. They can be read in the same manner as the keyboard
is read by the computer.

) Prior to reading the keypad, we must disable < CONTROL c>,

with a POKE 2473,96. |

Letrs examine how keypad A is connectead. Keypad A consists
of a set of wires which correspond to keyboard rows shown labeled
as Rl to R4. These are shown superimposed on the keyboard rows.
R to R7. In the same manner, the keypad A contains wires corres-
ponding to keyboard columns C5 %o C7 out of the total keyboard set

of columns C@ te C7. When a key is pressed, a connection is made

and column where the switeh is.

— l PR W L. e

between the row

B Ry T

Vhlues. found: whan PEEKad
128 ol iz 18 8 - 2 L
cF ¢ ¢5 <8 €3 €2 i cd

p— . 1
128  RZL
Values i
*< :
o
|
POXKE :
. —
J. ]
L '




A cross-over point for keypad A will be indicated as (Row 2

and Column 6 joined when press key for symbol "8")

Cq

.8
K2

-

with the key symbol next to the shaded region.

Likewise, keypad B is connected as

Taluas found whan PEEXad
f Sl ﬁ | .

128 8% 32 15 g 4 3 1
er: C&E €5 ¢ 23 ¢ ¢1 ca

C |

' 128 AT ] ' | |

i i | |l

54 1§ ! 5

. .32 RS ' ] : l

Values: : : i !
. : ; , i

Tu_-< 15 Ra ! 14 3 j !

S ? ! f i

w L UL T

b ; ;

“ B2 ] RS T_ “; y ‘ ;

-I:u_ 1—I -M.

— L R | .

Kaypad 3
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Since keypad A is connected across R4, R3, R2 and Rl, we can
ignore the other rows by examining these lines only. The values of
R4, R3, Ei,'and Rl are 16, 8, 4, and 2, respectively.

We can detect the symbol 8 (located at thé-intersectian of
Row 7 and Column 6 on keypad A) by setting Row 2 via

1% POKE 57488,4
where 4 is the-valﬁe-FﬂKEd to activate Row 2. We can sense Column
6 (value associated with column 6 is 64) by |

20 TEST = PEEK(57088)

3@ IF TEST = 64 'THEN GOTOQ 12d9
where statement 18088 takes care of the case when the 8 value is
found. |

A short program to read the key "8" or the key "#" and print
the respective key is: B ;

1# REM KEYPAD TEST

280 REM DISABLE. {EDNTRUL. c>

38 CTRLC=2473: DISABL=96: POKE CTRLC,DISABL

4@ REM NOW: SET POINTER TO KEYPAD LOCATION

S@¢ P=57088: R2=y: CE;EHE Rl=2: C5=32

184 As=" ¢

114 POKE P,R2 : REM TEST FOR 8

128" IF PEEX (P)=C8 THEN A$="8" : REM ON R2,CSH
139 POKE P,RL : REM TEST FOR "#"

148 1IF PEEK (P)=CS THEN A$="#" : REM ON R1,CS

-3 B



10. Joystick

The joysticks provide realistic and convenient input devices
for games and contrel. They are connected to the system as shown
in Figure 1. The joysticks provide a digital signal when they
are connected and enabled.

Prior to using the joysticks (or keypads) the < CONTROL C>
command must be disabled by

POKE 2873,986
The enabling of joystick A is done by

POKE 57088,128 : REM -~ ENABLE JOYSTICK A
and joystick B is enabled by

POKE §7088,16 : REM - ENABLE JOYSTICK B
Only one- joystick caﬁ be enabled at a time.

The:jnystick pesition can be read using the PEEX command.
The value found using the PEEK command must be ANDed with a
constant, depending on which joystick is used, to obtain a value
for the specific joystick position. The constants used are 31
for joystick A and 2u8 far_jaystick B. For example

APOSIT=PEEK(57088) AND 31
will return a value for APOSIT (A's position) which indicataes the
joystick position. If the "ACTION™ XEY is not depressed, the

value returned for joystick A will be

ACTTam
[
- i+ 4 =y
N 8
c ’?"j’ FPas Tan T
~ e 1S THE
n"J h* SIFMNTELR,
F g ¥ e may)
P as 1 rrend

-89

1 —ar—arr— AT e il ™ i T e



Joystick A Joystick B

Action: Key Action Key Action Key Action Key
Depressed Not Depressed Depressed Not Depressed.
Decimal Decimal Decimal Decimal
Joystick Value Value Value Value
Position Returned Returned Returned Returned
A ' 15 17 32 _ 168
B 28 2l 43 1786
G 4 5 16 . 14y
D 12 13 8d 208
E 8 : 9 4 132
F 14 11 | 72 . 200
g 2 | 3 R T 136
H 18 - 13 40 168
@ .

¢ e 128

With the action keﬁﬁdepresséd,_l has beeh.addgd:tﬂ_the-"actian key
not depressed” value for joystick A. A

When joystick E 1s énabléd, the corresgan&ing values returned
are returned to- ._ | -

BPOSIT=PEEK(S7088) AND 248
The "action key deﬁressad".ﬁépséa 128 tu.bg added to fhe Taction
key not depressed“ value fﬂr-jeys;ick B. |

Let's try a sample program. We'll use the airplane figures
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Q)

PENE S -.f_.

238 238 - 239 237

to mnﬁelaﬁcﬁf.tié Q&fﬁen."qLeé}s-piaﬁe éhe pi&ne in the scﬁeen
center to start at location 53484 (D420 hexadecimal). We'll
ignore clearing the screen, for example, simply 1eaving_it in
B & W with 64 characters per line and the sound off, by typing

10 POKE 56832,1
We'll put the original plane on the mid-screen by’

20 POKE 54394,236

Since we are B § W, no coleor is given. We shall use the "ACTION"

button to quit (exit) the program. We shall use the logic shown

9

in Figure 7.




Flow Chart

for Airplane and Joystick

Oizablas

Dnitializa disnlacemens
from scoeen centes and
locats plana at video
F0wen cencer (SG30L)

Write

AL New
foaisan

Figure 7.
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The program to implement this flowgraph is

19
28
3g

35
4@
54
55
58
i
80
30
129

119

120
139
135
149
150
160
174
180
194
280
219
224
300

Q.

POKE 2873,96 : REM DISABLE <CONTROL C> _
AP=-64:BP=-62:CP=+1:DP=66 :REM SCREEN POSITION DISPLACEMENTS
EP=64:FP=62:GP=-1:HP=-66:IP=8 :REM RESULTING FROM JOYSTICK

POSITION
REM
A=16:B=20:C=4:D=12 :REM CODE VALUES FOR
E=8:F=10:G=2:H=18:I=9 :REM JOYSTICK POSITION
REM
POKE 570888,128 :REM ENABLE JOYSTICK A
BLANK=96 :REM SCREEN SYMBOL FOR BLANK
Dx=ﬂ;DY=ﬂ
P=54304 :REM MIDSCREEN START
POKE P,2356 ~
R=PEEK(57088) AND 31 Nt
FCR K=1 TO 208:NEXT K :REM DELAY LQOP

IF(R/2-INT(R/2)) >.1 THEN GOTO 9d@¢ :REM QUIT IF ACTION KEY

REM :REM DEPRESSED (ODD VALUE R)
IF R=IP THEN GOTO 118

IF R =A THEN GOTO 178

GOTO 349

POKE P, BLANK :REM - ERASE OLD IMAGE
DY=DY+1 | |

IF ABS(DY) >16 THEN GOTO 9980 :REM IF OFF SCREEN, QUIT

P=P+AP

POKE P,238 .:REH "A" POSITION IS UPWARD PLANE
GOTO 1138 |

I R=B THEN GOTO 329 :REM"B" CASE

o

w3
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1@

329
338
4@
EEﬂ

369

370
4aa
419
429
439

4y g

450
460
478
589
518

S2@

530
54
55
560
579
509

619

628
6538

G40

GOTO 529
POKE P,BLANK

DY=DY+1:DX=DX+1

IF ABS(DX) >38 OR ABS(DY) >16 THEN GOTO 9077
P=P+3P |

POKE P,237

GOTO 118

IF R=C THEN GOTO u24 :REM "C" CASE
GOTO 598

POKE P,BLANK

DX=DX+1 .

IF ABS)DX) >34 THEN GOTO 9042

P=P+CP

POKE B,237

GOTO 114

IF R=D THEN GOTO 529 ~ :REM "D" CASE
GOTO 6990

POKE P,BLANK

DX=DX+1:DY=DY-1

IF ABS(DX) > 38 OR ABS(DY) >16 THEN GOTO 9440
P=P+DP

POKE P,238

GOTO 114

IF R=E THEN GOTO 628 :REM "E" CASE

GOTC 738

POKE P,BLANK

DY=DY-1

1¥ ABS(DY) >16 THEN GOTO 98849

ql



AT

e ——

658

668

570
789
718
728
738
742
758
760
778
880
818
829
839
84
858
868
878
3gg
319
329
930
3ug
350
36
378
9909

P=P+EP
POKE P,238

GOTO 119

IT R+F THEN GOTO 724 :REM "F" CASE
GOTO 908

POKE P,BLANK

DX=DX-1:DY=DY~-1

IF ABS(DX) >30 OR ABS(DY) >16 THEN GOTO 9829
P=P+ED | |

POKE P, 239

GOTO 118

IF R=G THEN GOTO 829 :REM "G" CASE
GOTO 989

POKE P,BLANK

DX=DX~1

IF ABS(DX) >34 THEN GOTO 9807

P=P+GP

POKE P,239

GOTO 113

ir R=E THEN GOTQ 928 :REM "H"™ CASE
GOTO 1148

POKE P,BLANK

DX=DX-1: DY=DY+1

IT ABS(DX) >30 OR ABS(DY) >15 THEN GOTO 9927
P=P+HF |

POKE P,239

'GOTO 119

END

5
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Though the example appears to be long, it is repeated use

of the same tests and operations, in blocks of less than 19

instructions. We now have a nucleus of programs to implement

our own games!
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ll. Real Time Contrel of Devices

The heart of Aﬁ control lies in being able to run programs
of immediate interest while a secéndary program sits "in the
background" waiting to De run. At periodic intervals, set by a
hardware timer, the primary program ("in the foreground" of
the computer's attention) is exited, at which time the secondary
or background task is serviced. Then the primary task is re-entered
and execution picked up where it was previously left. Note that
all of this is happening very rapidly.

Background tasks are simple, rapidly computed programs which
require pericdic attention. Updating a cloek display or checking
home security status are examples of such a task.

The operating system 0S-65D V3.2 HC contains a program "RTMON™
which decides which program, foreground or background, should be run.

In addition, there are three programs, AC, ACl and AC? which
Support the use of AC control accessories. The program AC contains
no buffers; ACl contains 1 buffer; AC2 contains 2 buffers. If you
make copies of this disk, you should copy only the version of this
AC control program (AC, AEl.cr AC2) which you need.

Your demonstration disk will show you some examples of the
usefulness of AC control.

To write your own programs, the following sections will show
the features

1) time of day clock

2) timing events

3) AC control and home security switches
Later sections will show how to integrate these faatures into a

real-time system for your personal applications.
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. | 12. Time of Day Clock

The clock is a basic building block of a real time control
system. The time of day clock does not have to be enabled; it
runs continually under the 3.1 HC operating system. To set the
time of day clock, we set hours in location 3488, minutes in 9481,
and seconds in S482. The commands are |

POKE 948d0,H {anumber of hours)

POKE 394381,M (M=number of minutes)

POKE 9482,S (S=number of seconds)

The clock is a 24 huﬁr clock which resets the time at 23.59:59% back
to #:0:8. Location 9483 holds the count of the number of 24 hour
parin&s éi.e. days) whiﬁh have been counted.

Time is read by the PEEX command. For axample:

. 18 REM INPUT TIME TC SET CLOCK

28 INPUT "HOURS, MINUTES, SECONDS";H,M,S

300 POKE S488,H:POKE 9481 ,M;POKE 9u82,S

43 REM NOW TO PRINT OUT TIME

.58 H=PEEK(943&):H=PEEK{9u3lJ:5=PEEKE9H$E]

60 PRINT H;"":";M":";S;"LOCAL TIME"

78 END
will permit setting the time, then displaying the time. Replacing
Et&tement 78 with

78 GOTO 5@

will continually print the tinme.




13. Count Down Timer

The count down timer is an event timer which funetions like
an egg timer. A time count is loaded (set into) the timér which
then counts down .to zero.

Rather than have to check the current value of the timer count,
& flag is raised when the count reaches zero.

To operate the time of day ¢lock, the count down timér is
loaded with the hours in location 224, the minutés in location 225,
and the seconds in location 2286.

Starting the count down timer is accomplished by placing a 1
in location 223. Disabling the count down timer (turning it off)
requires a @ in location 223. | | |

A program to set the count dawn.timer and start it running is

18 POKE 223,82 | |

28 INPUT "HOURS, MIN, SEC CDUHTDGWH";H,M;S:

38 POKE 224,H

43 POKE 225,M

-84 POKE 226,S

68 REM NOW START TIMER

78 POKE 223,1 |

A program could check'the one location, 223, to defefmina if.
the hours, minutes, and seconds had elapsed by

88 TEST=PEEK(223)

39 IF TEST=9 THEN GOTO -1040
198 GOTO 9@

The real value of the timer, however, lies in its ability to request....

the services of the real time moenitér, RTMON. RTMON permits inter- -

1.
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rupting user programs when the count down timer reaches zera.

This switching of priorities from one program to an interrupting

program allows flexible programming. These uses will be discussed
ter we have .locked at some other devices and features available

for home and appliance control.

=100-=



14. External Switches, Alarms, Or Indicators

In AC control and home security systems, we often need to
sense switch openings or closings. Relay contacts might indicate
an air-conditioner "on". for an energy management system; an open
window might be read as a set of cpen contacts to a home security
system. Your imagination is the limit.

The C4P system provides (in the AC-12 package) the ability to

sense 48 separate remote contact-pairs. Each of these contact-pairs .

(lines) is to be at either # volts or 5 volts (standard TTL levels).
When these lines are-éamputar driven (used for output) a maximum
of two TTL.devices can be driven at a time. If devices other than
OSI peripheral devices are used, you are cautioned to use good
circuit practices in interfacing circuits.

The input lines are grouped as 6§ sets of 8§ lines (8X6=48), or
§ input registers. Associated with each input register {group of
8 lines) are a mask register (tells which of the 8 lines to ignore)
and an-active state register (tells whether a 5 volt or ¢ volt
signal is to be the chnéen active state). The state of each line can

be sensed by examining the régister bit which reflects the state

of the connected line. In the case .of windows, for example, rwe. might

wish to identify the active state as an open window in one program
but in a different program we want the active state to refleect a
closed window. Which one we want will depend on our program.

The associated registers, i.e., the mask register and active
state register, are used by the real time monitor, RTMON, to system-

atically scan the input lines. When an input line becomes active,

-101-
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RTMON's services are requested (in the same manner as the count
down timer requested service). Once again, we will put off
discussion of how RTMON uses these associated ragistersluntil we
have first examined the hardware which is used +o support RTMON.
The associated registers are memory locations which are
examined to determine how we interpret switch positions. In contrast,
the hardware ragisters direectly indicate line status, 5 volts or @
volts. The hardware registers alse indicate whether a set of lines
is to receive signalﬁ (be read) or whether cutput ;ignals should be
sent to turn on/off devices (to be writtan to).
External switches which can be used to provide 5 volt or @
-vﬁlt are connected (through back panel connectors, Figure 1) to
.4 Peripherszl ;;terfate gﬁaptaﬁ (PTA). The PIA presents groups of
input lines for input or output of signals. These input or output
.11355 are addressed in groups of 8 lines. The PIA is a single
integrafad-circuit. Its organization and use are best explained
in terms df'its addressing, i.e., where the computer locks to

input nr_pﬁtput data.  For this burpcse, we create a map.

-102-
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. T
15. PIA Data Register Rh)

A map of the hardware registers used for input and output is

H E:jma] . o
La:'éi::n Eacatmn Data Register | Control Register
Decimal Hex
e a.,Bit - Lecation Location
C7o% Sg9u8 | | Port 1A |
| |  CIRL Register | 50949 C78s
For Fort 1A
C786 50959/ | Port 1B
CIRL Register 58951 cTa7
For Port 18 |
c708 58952 Port 2A ;
CTRL Register S@953 Cc78as
. For Port 24
C70A 58954 Fort 2B
: CTRL Register S@955 C70B
For Port 2B {
c7ac 58958 Port 3A
- - CTRL Register | 5@957 C74D
Tor Port 3A
C70E ST je it Port 3B )
CIRL Register | 58958 C70F : \
For Port 3B -
LEach port A, port B pair is called a Peripheral interface Adapter
or PIA. These ports provide a way to enter data from the cutside
world into the computer and to respend with computer generated
signals to the outside. The PIA also holds or latches these input
and output signals until the computer is ready to receive them (for
input) or until the outside devices can utilize them (for output).
Each of the two ports on a PIA (port A and port B) contain 8 lines
which may be individually used for input or output.
The CA-12 cption contains three PIA's. The AC-12 is connected
to the CuP :umputer-by & 16 pin connector, J2, shown in Figure 1.
External devices are connected to the three sets of input port pairs.
Since three sets of port-A-port B pairs are accommodated (each port
8 bits wide), we have 3%#2X8=u48 lines available for external connection. O

p—
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The operating system will initialize fhe scan of PIA's to
include a complete CA-1l2 option group of PIA's as a default.
Scanning fewer PIA's or scanning the PTA at 53232 decimal.(FTﬁﬂ
hex) wili require making the changes (POKEs) which we have just
illustrated.

| For example, to scan all 48 lines starting at 50948 decimal
(C784% hex) all six data registers (ports 1la, 1B, 2A, 2B, 3A, 3B)
must be scanned along with six control registers. Therefore, we
must load location 8982 decimal with 12-1=11 (the number of scanned
registers minus one). These POKEs can be accomplished as

POKE 8962,11 : REM LOOK AT ALL 6 DATA AND 6§ CONTROL REGISTERS

POKE 8909,4 : REM LOWER HALF OF C794 PIA PORT ADDRESS

POKE 8910,199: REM SINCE C7 hex=199 decimal
(Only decimal values may be used with POKEs.)

With these POKEs, RTMON will check for an active state.

We have looked at the connections to the PIA. Let us now look
at the operation of the PIA. The ports (port A and port B) serve
two purposes. Each port accommodates input or output signals.
Additionally, these port A and port B pairs serve as data direction
registers. When serving as a data direction register, the port
specifies which bits serve as input and which serve as output bits,
The action of the port, whether it Serves as an input/output port
or as a data direction register, is set by yet another register,
called the control register. A control register is asscciated with.
each port. If the control register is POKEd with zeros, then the

port serves as a data direction register.
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When the control register is POKEd with a 4, the port reverts
to its data handling function. By using a data port to serve as
a4 data direction registér, the number of hardware connections is
reduced. We pay a price of increased complexity in understanding
its function. To illustrate, for example, to use the PTA to read
port 1A at location 58848 (C784% hex), the steps are

L) POKE 58949,8
This address, one beyond the PIA port 14 address, is the
control register for port lJA. A zero in the control
register will allow the use of the PIA port 1A address
for its alternate use, designating which bits are input
or gutput (called a data direction register). A 1
‘indicates output, a zerc an input. At the completion of
this POKE, the control register contains

S@949 g00p opdg

and the port 1A will serve as a data direction register.
Therefore, the command

2) POKE 58%48,127

will place the bit patterm #111 1111 into the data direction

reglster. The data direction register will now be

s9u8  [p1ll 1111

Bit 7, the leftmost bit of the data direction register
contains a # indicating that its corresponding line will
be an input line. The other register bits (bits @ to &)
are l's, indicating that their corresponding data lines
Wwill serve as cutput lines.

3) We are ready to revert the PIA port 1A to its data handling

function. This is achieved by

POKE 509u9,u4

which commands the control register for port lA to perform
its I/0 function. |

) Bit 7, the leftmost bit, was previocusly set as an
output bit in step 2. We can set this output to a high
value by
POKE 589u8,54

This is a bit pattern 1229 9809. The data register (*the
. alternate function of the port) will now contain

Sggu8 | 1p@8 7809
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Likewise, we could have set bit 7 to a zero by

POKE 50948,0

1f we wished to read bit 6, which was designated as an
input bit, we could have

BIT6 = PEEK (S50948) AND &4

Wwhere 64 has a bit pattern 91480 2900. The 1 in the bit
pattern corresponds to the desired line. To the user,
location S8948 appears as

7 & 5 4 3 2 1 @4 bit

r L2 -

L | J
or K’ X X| X
i) | _
where X indicates that we don't care about the value.
By ANDing the contents of 50948 with the value

58948 4 X

g 1L 0 8 8 8 8 9

only the value of bit 6 will be examined. If bit § of
0948 is a zero, then BIT6=#; if bit 6 is 1, then BITG6=64,
Testing for zero or non-zero value of BITS provides a
convenient programming test to determine the bit & input
line state.

The socket pin connections are shown in the appendix; socket
mating information is alsc provided. :

A shert program to make all lines for port lA read (input)

lines and all lines for port 1B into write (output) lines follows:

S
14
28
g

b
54
18@

114

124

132

REM PIA INITIALIZATION SUBROUTINE AT 1204
GOSUB 14090 |

INPUT "SIDE (A OR B)",C$

IF C$="A"GOTC 1089

IT C$="B"GOTO 248

GOTQ 27

IF A$="I"GOTO 158

INPUT "OUTBUT TO A";K

POKE X,K

GOTO 29

PRINT"INPUT TO A IS";PEEX (X)
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168 GOTO 28
2080 IF B$="I"GOTO 250
218 INPUT "QUTPUT TO B";K
228 POKE X+2,K
232 GOTO 20
258 PRINT "INPUT TO B IS";PEEK (X+2)
260 GOTO 28
1808 INPUT "STARTING ADDRESS OF PIA";X
1919 INPUT "A SIDE I OR "OK";AS$
1620 INPUT "B SIDE I OR "OK";B$
1438 POKE X+1,0:POKE X+3,8 : REM SETTING CTRL REGISTER TO ZERQ

1949 IF AS="I" THEN POKE X,#: PERMITS SETTING DATA DIRECTTION
REGISTER

1842 IF A$="I" THEN GOTQ 1052

1945 POKE X,255 : REM IF NOT INPUT, THEN SET AS OUTPUT

1650 IF B3$="I" THEN POKE X+2,8

1452 IF B$="I" THEN GOTO 1869

1855 POKE X+2, 255

1068 POKE X+1,4:POKE X+3,4% : REM CTRL REGISTER TO FORCE I/0
1878 RETURN

Multiple lines may be checked at one time.
The hnme.sacurity system addressed at 63232 (F799 hex) is
also a PIA port. It is one of two ports. Two ports (of 8 bits

each) are available, with the first 4 bits being reserved as:
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Car Alarm - intruder Alarm
Misc. Hlanm:L Effi;::;ire Alarm

Location (Hex) Bit 7 6 5§ 4 3 2 1 @

§3232 F790 | Port A

§3233 F701 CTRL A

| 53234 F782 | Port B8

' 63235 F783 5 CTRL B

A program to handle this device is similar to the previous programs.
For example, to check for a fire alarm
13 REM SET" PORT A AS INPUT, LOOK AT BIT 0, THE FIRE ALARM BIT
28 POKE 63233, : POKE 53232,1 : POKE B3233,4
. 38 TIF PEEK (83232) = ¢ THEN GOTO 1990
40 GOTO 28
This program segment will continually look at the input port and

check for the bit assigned by 0SI to fire alarm checks.
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16. Real Time Monitor, RTMON khj{

The Real Time Monitor, RTMON, acts as a watchdog, responding
when either the count down timer counts down to zero or a PIA device
is s&nseﬁ to be "active”. The internal computer hardware interrupts
processing every 480 milliseconds (.4 seconds) to update the count
down tiﬁer and the time of day clock.

Should either the count down timer g¢ to zerc or a PIA device
line go "active", then computer control is immediately passed to the
program, RTMON. Within the program RTMON, you may decide what action
is to be taken.

A typical RTMON program should deactivate the timer by

POKE 223,47 | |
This allows servicing the interrupt without having the timer time
out. This would aveid two interrupts cccuring simultanenugly;. - RV
however, this uncertainty of occurrence accounts for only a few
microseconds. Examining the timer contents and the PIA linesjai
interest will determine whether a PIA or the timer requasfed service.
Eefare.exiting RTMON the program should | |

POKE 222,1
to re-enable RTMON so that RTMON can be recalled by future_intérfupts;
If we do not have any further programs to return to from RTMON,.
then we can terminate RTMON with a return to BASIC by - |

RUNYBEXEC®*™ : END |
The dperating system will then turn control over to tﬁe BASTC
interpreter. |

Within the operating system (specifically the DS;EED ?E.l'HC,
Home Control Operating System), certain provisions are made for

monitoring and responding to all PIA lines. These special provisions i:)
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. are made for the devices hung on the 48 lines from 50948 to 58958
(C784% to C7OE hex) and for the 16 lines at 653232 and 63234 (F74¢0
and F782 hex).

To sense an "active" state on a PIA line, each register of the
PIA is matched to two associated registers. A "mask register” (this
indicates which bits of the PIA are to be monitored) and an "active
state register” (this indicates whether a high level, '1l', is the
active state or a low lewvel) 'd', is the active state. RTMON will
be called by the operating system is a bit is not masked out and
has reached its alarm state.

Let's look at these memory locations as a map

FIA Input Mask. .- Active State
Register Register - Register
Decimal : Bits Decimal Bits Decimal Bits
Location Location - - Location
. 7 2 T . @ 7 . d
54948 i 230 'f 9392 {1 | [ FITT
sgoug | | | ] 231 i 9393 | || i]]
58959 f 232 j i 3% | {11111
50951 ] 233 {1 9395 Ll
s@as2 | | 234 B 9396 RN
58953 235 | | 9397 ERNE
50954 236 R 9398
50955 . 237 ' 9399
50956 238 _ 3420 Ll
58957 239 | 4@l 1
50958 249 | | g2 ;
50959 L] 211 | | SRR qu g3 {5
A B bit implies ignore A D bit means lcok for
the corresponding line. a 8 (low) as the active
A 1 bit implies watch the state in the corres-
corresponding line. ponding PIA input regis-
.. Tter. Also, see example
fﬁremﬁltnxmi restricw
T , ons:
We shall ignore a bit in the PIA data registers when the EGPTESPDnleg
. | bit in the mask register is a 8. If the mask register bit is set to 1,

then the corresponding PIA data register bit is examined.



If we chose to ignore a bit from a PIA register (data or
control register)(by placing a # in the corresponding bit pesition
in the mask register) then, we must blace a 1 in the corresponding
pesition of the active state register.

We choose which registers to scan by POKEing (placing) the
address of the first register to be scanned in 8909.and 8919,

The lower half of the address (low byte) is POKEd in 8949 (22CD

hex) and the upper half of the address (high byte) is POKEd in

8919 decimal (22CE hex). Place the number of registers to be scanned

(minus one) in location 8982 decimal (22C6 hex).

For example, if we wish to examine bit 6 of the PIA port at
location 50948 decimal (C784 hex), we should place the bit pattern
8182 2002 (64 decimal) into the mask register at 239 decimal (ES
nex). This will force ignoring all but bit 6. The corresponding
acfive state register at 9392 decimal (24B@ hex) should contain

the bit pattern 1811 1111 (183 decimal, B7 hex) if we want a 8 to

" indicate the active state. If a 1 15 to be the bit 6§ active state,

then the bit pattern should be 1111 1111 (255 decimal, FF hex).

If all 8 bits of a mask register are zero (ignore all data
hitél then no special value must be placed in the active state
register since it will be totally ignored.

Though you will probably not want or need to examine the
cuntfal registers for each port, this ability is pruvided Lyou may
want to examine the interrupt lines of the PIA, for example).

If you do not specify which set of PIA ports to scan, the
operating system will choose 58948 decimal (C794% hex) as the

starting value. This is the choice of the CA-12 option PIA's.
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17.

A Gresenhouse Examnle

Let's try an AC control example which monitors a home graen=

house. While we enjoy normal use of the computer, we wish to have

- a4 low termperature alarm available "in the background.” If the

E&mpe:atu:e should drop below a preset value, we wish +ao be
informed of the event. Additionally, we'd like to have an hourly
signal sent to the greenhouse to spray the plants.

Both timer and alarm tasks are well suited to our C4P system.
These tasks are performed by thé real time monitor, RTMON.

- A circuit which will accomplish the alarm function is

[T TTRNN Iy

Tkl
z 15
3 3;*_ o
| o] Rel ka
ey R A, - ' » CPONS
: ) »5 ™ag .
S P By < TV e
(¢ Ml T
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la qf

= T3 (eF Flawe 1)
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The other available connector pinouts are shown in the appendix. h,j

‘The selected circuit grounds the PIA input PA3 at address 63232
decimal (F780 hex). When the temperature triggers the alérm, a
bimetalic thermostat connection opens and the PIA goes to a high
state (ﬁue to its internal power connecticns).

& 1 microfarad capacitor in the alarm circuit minimizes noise
pickup, while the 1K ohm resistor minimizes noise currents. picked up’
on the long wires leading to the greenhouse. Twisted pair shielded
wire, though more costly than unshielded Wwire, is advised for
extended applications.

No warranty or liability by use of this (or other) user cireuit
is to be inferred. Good practice is encouraged.

Let's break the software part of this problem into smaller

Pieces. First, we should set the hourly timer in the main program,

(

to get started. Also, we need to set up the PIA addresses and
masks which the real time monitor will scan.
Once initialized, the 3.1 HC will scan the timer and the PIA
line control to the alarm circuit. When the timer runs down to
zero, the monitor will reset the timer. Also, if the temperaturs
alérm has been tripped, the monitor will react. In either case,
alarm or timer, the monitor, RTMON, will be reset before leaving
the RTMON program.
Because the program RTHDﬁ is resident on disk and is brought
into the user’s work space at the alarm or +timer run out time,
the current contents of the work space will be destroyed. If any
data must be retained, they must be stored periodically on a file
on disk. If these data are needed, this provision to save them —
\_,/“
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should be made. Generally, this loss of data or running program is
not considered to be a problem, as returning the work space to
BASIC with the BEXEC* program would place the user in command of
all the computer's resources. The previously running program could
be called again with only slight inconvenience.

To use RTMON, it is necessary to have a main program and the
real time monitor, RTMON. The main program (or possibly the program
BEXEC*) will initialize and activate RTMON. The main program will
be the normally operating program. Only when an event (timer times
out df-PIA line is alarmed) occurs will RTMON come into play.
Otherwise, operations of RTMON is transparent to the user.

In this example, RTMON will interrupt the operation of the
main program when our greenhouse needs help. The causes for a
requast for help are (a) the temperature excaeeds a preset value on
& tharmostat or {b} the hour between waterings is up, and the sprinkler
must be turned on.

In the'blncks, we have the programs

SET Thgr Yes NS
| St
SCAN PMA \
SET SchEtN o, AL \
SED Slaval
AT SmMD -r
aTER PLANTS
w PLINT
SE™ RTMon S
2T Mon RESET
| (A Man




A

. 1@ REM RTMON PROGRAM FOR GREENHOUSE
28 IF PEEK(223)=38 THEN GOTO L080

25 REM CHECK IF TIMER AT ONE HOUR ELAPASED?
30 IF PEEK(S38Z21<{>247 THEN GOTO 294 .

35 REM 247 15 NON-ALARM STATE .

200 REM SOUND TOME ALARM AND PRINT ALARM
218 PRINT"TEMPERATURE ALARM®"

215 PRINT PEEK(92392)

228 POKE S7VBE3, INT(49152-448)

238 REM TONME IS IN HEARING RAMNGE

248 FOR T=1 TO SR8:MEXT T: REM DELAY LOOP
258 FOKE S788293,1 REM TURM COFF ALARM

258 POKE 222, 1:REM ENABLE RTMOM

278 PRINT LT WAS TEMPERATURE":GOTO 1098
1898 REM MNEED 7O ACTIVATE SPRAYER

1219 REM TO WATER PLANTS. USE A

1828 REM SINGLE PULSE FOR THIS DEVICE.
1825 POKE 223,89:REM MAKE SURE TIMER OFF
1838 POKE 224, L:REM RESET HOURS

1348 POKE 225,0:REM RESET MIN

1858 POKE 225,0:REM RESET SECONDS

1855 PRINT "TIMER TEST®

1588 POKE 223, 1 tREM SET TIMER
la7a PFOKE ZZ2Z2,.1 :REM EMNABLE RTMOM
1288 PRINT AT END WE ENABLE RTMONM®
lgsa EMD '

= 18.REM MAIN PROGRAM TO SET UP GREENHOUSE

— s —

|__._,'

29 REM
38 POKE 223,8:FREM DISABLE TIMER

48 POKE 224, 1:REM SET HOURS TO L

S8 POKE 225,8:REM MINUTES AT @

&3 POKE 225,0:REM SECOMNDS AT @

65 REM WATER SVERY HOUR

78 POKE 223, 1:REM ACTIVATE TIMER

898 POKE S833Z, 7:REM TURM ON SOUND ANMI COLOR

S1 REM SETUP PIA .

82 POKE 63233.@ '

83 POKE §3232,0:REM LOOK FOR INPUTS

84 POKE 63233, 4:REM REVERT TO DATA HANDLING

S@ POKE 239S,0:REM ADDRESS OF PIA

18@ POKE 8318, 247:REM ADDRESS OF FIA

118 POKE EBSEZ,8:REM LOOK AT FIRST REGS, PORT 8 ONLY
1280 POKE 234,3:REM MASKS B0E8 1998 FOR LOOK AT 3IT 3
138 POKE S8392,247:REM MASKS L1111l @lil FOR BIT 4
L3S REM 247 DECIMAL 13 F7 HEX. SELECT F7eg@ PIA.
148 REM ACTIVE LOW :

158 POKE 222, L:REM EMABLE RTMONM

LE@ PRINT “"ENABLE RTMOMN IN MAIN"

178 END

9

@



For this example, we shall generate a short 44@ hertz *tone
pulse to alert the user. The pemark, statement 1829, might be
replaced with ACTL commands to turn on and off a watering fixture
or an output to a PIA to create a pulse. Which yvou choose would
depend on the watering device characteristics.

The overall flow chart is adequate to follow the detailed

program listing.
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If the user wished a more detailed response to the alarms, ~

minor medifications within the program framework would achieve
thasé actions.

If the user wishes to try these programs, files to store
"MAIN™ and "RTMON" should be created. Then, these programs could
be retained for future use on disk..

RTMON would be stored (after being typed in) by

DISK!"PU RTMON"
and the main program (after typing in) by

DISKI"PU MAIN™
The program would be initiated after receiving control of the
computer from BEXEC® by éntering

RUN"MAIN™

O
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the end user programs.

to turning contrel of the computer over to the user.

18 . BEXEC*

BEXEC* is the program which links the operating system and
It is run by the operating system prior

BEXEC* typically

provides setting critical parameters, such as specifying the input

and output devices, and disabling or enabling certain antrias, such

as the <CONTROL C> entry to permit interrupting user
The demonstration disks and the operating system disks
%rﬂgram.called BEXEC*. You may use thesa versions, if
by copying - the BEREC* pregram for use in fcur owWn user
development. However, you will often wish t+a set some

parameter (i.e., POKE some location) or run some inied

programs.
aach have a
you wish,
program
initial

program

(such as. a screen clearing program) prior to reverting to input

to the BASIC system.

ie

Let's. start with an example of one
REM BASIC EXECUTIVE

29 REM

24

-}
49
=]

REM SETUP INFLAG & QUFLAG FROM DEFAUL
2= X=FPEEH (109%0):
PRINT : PRINT *"BASIC EXECUTIVE FOR 0S-45D VERSION 3. 0" : PRINT
PRINT "13 OCT 1978. RELEASE"

COTQ 109

POKE 8993, X: POKE 8994, X

"&9 PRINT : INPUT *"FUNCTION“: As-

79 IF
g0 IF
90 IF

ASm>CHANGE™ THEN RUN. "CHANGE"
AS=“DIR®  THEN RUM- "DIR *
AS="UNLOCK® THEN l10@ee

l2e PRINT
1l9 PRINT "FUNCTICONS AVAILABLE: *

129 PRINT =
13@&: PRINT ™
14a PRINT ™

CHANGE - ALTER WORKSPACE LIMITS"
RIR = PRINT DIRECTORY™ '
UNLOCK - UNLOCK SYSTEM FROM END USER MOODIFICATIONS®

1259 GOTO &0

l2eao
l2eli9
ilee29-

18930
109449

ileedo

19940
10979

laese

ilee%e
101209
ieiie

-

&

REM

REM UNLOCK SYSTEM

REM

REM REPLACE "NEW" AND "LIST"
POKE. 741, 74 : POKE 7E@, 789
REM

REM ENABLE CONTROL~C

POKE 2973, 173

REM

REM DISABLE "REDOC FROM START™
POKE 2893, §5 : POKE 2894: 8
PRINT : PRINT “SYSTEM OPEN* END

20 bt ] -



The BEXEC* preogram shown sets the input and output devices to
be the keyboard and video display and prompts the user to use the
DIRectory or CHANGE utilities. If these utilities are not requested,
the editing and debugging features of "NEW", "LIST", and <CONTROL C>
are enabled. In certain programs (such as the example used in the
section on Joystick use), you may wish to disable these opticnal
utilities prior to running your programs. BEXEC* provides the
ideal time to takaicare.af these housekeeping functions.

Demonstration or game disks often require special provisions
to be made. BEXEC* provides the opportunity to make these changes,
including the guiding of the user by program prompts. To simplify
usé ﬁf demo or game disk, it is often convenient to start the user
in his/her program. For example to run a program (here called DEMO),
the last statement in BEXEC* could be

RUN"DEMO"

In this manner, BEXEC*® can.taka care of routine keyboard entries and

simplify user response. As in most endeavors, simple is better.
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19, Summary

Conclusion

In the preceding sections, we have looked at many dévices and
their use. Sensors (switches and alarms), keyboards and joysticks
provide communication from the outside world. Tones, modems and
printers provide communication from the computer to the user.

Qur C4P has the ability to respond intelligently to its environment.

By effective use of the disk, large programs can be broken
into smaller programs and brought into memory as needed. Message
and supervisory records can be kept on disk for future refarence
or processing.

These features, operating with the real time monitor, RTMOMN,
provide rapid response through a wide range of devices, in a
rapidly changing environment. By using the programming examples
which we have shown in this manual, resilient operation can be
expected, even in the event of unexpected data. To the user, the
real time feature will provide the effect of two computers, one
operating on tasks of immediate importance, the other monitoring
the security and status of programs of background concern. The
background program can assume a high priority when it is needed.

The ability to control, supported by 0SI hardware and software,

makes the personal computer a strong and able servant to your tasks.
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Chapter VII

Advanced Techniques

By this time, you have written several BASTC programs and
should be comfortable with your C4P system. This chapter will
dssume a familiarity with assembly and machine code programming.

Borden's book How to Pragram.ﬁicnrcamputqu, available from your

0SI distributor, and the +wo manuals, Qhio Scientific Extended

Machine Language Monitor User's Manual and Qhio Scientific 6540

Assembler/Editor User's Manual, are convenient refesrences.

With these cautions, we shall Iry some assembly language or machine
code programs.

Assembly language or machine code programs are more involved
tﬁ write, since much of the detail is left to the programmer.

In compensation, programs will run. significantly faster and permit

more versatility.
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1. Machine Monitor, BSV

The machine monitor provides a simple way to examine and
medify memory contents. Data or programs are entered using
hexadecimal (base 1§6) notation. Programs must be entered in
machine code using hexadecimal nﬁtaficn.

The machine monitor provides a simple command structure.
fou enter the machine monitor after typing < BREAK> when the
C4P gives you the prompt

H/D/M7?

You then type

M
The machine then responds with

apod XX
where XX are two hexadecimal :haréctersm fou are now in the
machine monitor, dispiaying the contents of location 2883 .

To load a given location (address) with data or prqgram,-'l

type a period

This will select fhe.addr55sing mode. If yﬁu were ;lréﬁdy in
the addressing mode, you will remain in the addressing mode.
fou may now type the desired address. which you wish to énter{.
If an entry error is made, reentering the ad&:e#a will remove
the old value.
To enter data into the selectad memory iccatign, gpuimust
transfer to the data entry mode. This-is_dcneIby.tﬁpiné*ﬁ_slash
. _ _ i

Data may now be entered as two hexadecimal characters. .‘As in

-122-



T T S — S

o
the address mode, an incorrect entry can De corrected by typing ./

the correct value. To increment to the next sequential location,

press

<RETURN>

When you have completed loading your program, you may execute
the program at its starting address (for illustration, I'll use

hexadecimal address @288) type the starting address and then the

letter "G" as

.0288G

(The period entry returned us to the address mode.) The program

will start executing. (The machine monitor Goes to 8280 to

start..)

Tllustration

Let's load a program which places graphics characters 2532

O

(hexadecimal FA) into mid video screen locatien 54328 (Hexadecimal

Du30). An assembly language program and its machine code would be

Machine
Hex Location Code Assembly Code Comment
a249 AS | FA is symbol for
LDA #S5FA eastward tank
4281 FTA
gz2gz2 8D
g243 3g STA SD43P Tank to midscreen
2204 D&
gz2as EA NQF
A2@s ' 4C JMP $8285 Jump- back to NOP
gza7 a5
g288 Az




. This program should place an eastward point tank (character 258)
near mid video screen. The machine monitor instructions would be
< BREAK>
.B82088

/A9 <RETURN>
FA <RETURN>
8

0

<RETURNZ>
< RETURN.>
<RETURN.>

Lok
=

o
F

<RETURNZ>
<RETURN >
<RETURN>
<RETURN>

. L0288G

At this point, the tank should appear near mid video screen.

5 15 |

= =
M jon

For the cassette user, the command L permits loading program
from cassette. Upon typing L , all ASCIT commands are accepted
from the audic cassette rather than the keyboard. Cassettes ars
prepared with an autc-lﬁading program at their beginning. Exaﬁples
of this aré the Extended Machine Code Monitor cassetts and the
Assembler/Editor cassette. When the program is loaded, the cassette
playback unit may be rewound and turned off.

In summary, the Machine Monitor commands are

[/ < Use Data Mode

. = Use Address Mode

-G = Start execution at the address presently displayed on
video screen.

. L. = Transfer c¢ontrol to the audio casset+s.
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Some of the hexadecimal locations which the Machine Monitor

uses are
FEBD -
FEOC -

FE4U3 =

FE77 =

These entry

programs.

Start of Monitor (restart location)

Restart with clear video screen, other Machine Menitor
parameters unchanged

Entry into Address Mode, with initializa+ion bypassed
Entry into Data Mode, with initialization bypassed

points may be useful to incorporate within your other
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USR(X) Routine

We can combine the speed of machine code éxecution with the
simplicity of BASIC using the USR(X) function. The linking of
machine code and BASIC programs is dccomplished by the single BASIC
statement

X=USR(X)

The USR(X) function permits leaving the BASIC program, executing
a4 machine 1anguaga routine, and then returning to the Sriginal
BASIC program. To call the USR(X) ruutlne in BASIC, a pointer to
the lﬂﬂﬂtlﬂn of your USR(X) routine must have been stored. In
our BASIC, these peinters are at 22F7C hexadecimal (8956 decimal)
~ for the low half of the hexadecimal address and 22FB hexadecimal

(8955 decimal) fﬂr the high half of the hexadecimal address.
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Typically, we shall want to protect the machine language (code) Sy

program by placing it in high memory. If we move BASIC's "end of
memory" pointer to a value at least two pages (512 decimal words)
down from the physical value of "end of memory", we can assure
that this memory area is not used by any other routine. For example,
on a 24K system (24576 decimal, 6@@74 hex) these 1limits would be

24578

- 512

24964
The equivalent calculation in hex is
6000
- .
SERZ

Therefore, setting SEAP hex as "end of memory” will give a 512 byte fﬂj
clear region for calculations. This "end of memory"™ walue should -
be stored with the high order two hex digits in location 234@
hex (8968 decimal) i.e., POKE 8969,9%.

Since we shall want to store the "end of memory" wvalue with
4 POKE command in BASIC, let's convert SEf@ hex first |

““':'I_SL .._ﬂf._.f hexadecimal

4 B9 decimal

Since the address of end of memory requires two bytes for storage,

two POKEs are necessary. The POKE command requires decimal values

as operands. Therefore, we must convert each half of the hex

address into decimal, one half at a time. Conversion was accomplished
by locking up the decimal conversion in the table provided in the

appendix. The high order hex equivalent digits are stored by

)
A
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POXE 8980, , 9u

L R
e Lr
~ il .'II.. l,-l|-||-l-|-|-||-|||l-""'—-|-|l—|--,I
end of memory pointer - high memory boundary

The lower half of the "end of memory" 1s assumed at the page end
(88).

Now choose the lower end of this now protected memory (zabove
the official "end of memory™) to store our USR(X) routine. Place
the address of USR(X) in the location pointer to where BASIC expects
the USR(X) address. The address of USR(X) can be loaded by using
POKEs. We can POKE the two address parts of UéR{H} into the
location which stores USR(X)'s address by

POKE 8955,88 : REM - LOW BYTE OF USR(X) ADDRESS

POKE 8956,94% : REM - HI BYTE OF USR(X) ADDRESS

REM INTO USRE(X) POINTER
We now need to write a program, USR(X), to be stored in memory
starting at SEA® hex (24864 decimal). Please note that this last
decimal value is the result of converting all four hex digits of
SE89 at one time, rather than finding the decimal equivalent of
each half of the address. The earlier conversions of half of the
address were for stﬁfage CﬂnﬁeniEnCE; and were not for evaluating

the whole address value.

Example: A Scereen Clearing FRoutine

To illustrafe the USR(K)_rﬂutine, we shall write a routine
to clear the CRT terminal screen. We shall place the letter "A"
at each screen pasitian, sequentially to illustrate the speed of
this routine. Of course, replacing the letfer "A"™ with the symbol
for a blank would Produce a generai screen clearing. This program

is described by a flow chart in Figure 4% which is reduced to
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o
assembly language in Figure 8. In this example, our last statement N
1s an RTS (return from subroutine), which Eeturns us to the calling
BASIC program.
In the example, we shall use the EEEEImiﬁrapracessar’s
accumulator as the register for data transfer. The X-register
and the Y-register will be used as counter registers. This usage
will be economical in terms of data transfer time, since the
accumulator is the central point for transfer purposes. The X
and Y-registers are serviced with increment and decrement commands
to aid counting operations.
By caﬁverting the hexadecimal machine code inte decimal valuaé,
the code can be POKEG into the ﬁesired meﬁory locations. This is
a handy method to enter machine code routines while in BASIC. A

BASIC program to store this machine code at the required locations (:i}

is

-129- N
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The machine code of Figure g

Hex Location

(for sequential locations)

Decimal Location .-

SEBO
SEAL
SEB?2
SER3
SEdu
SE@S
SEB6
SEBT
SED8
SE@S
SEDA
SEDB
SEAC
SEAD
SEQE
SEAF
SE1LQ
SELl
5E12
SE13
SE1lY
SE1S
SE18
SEL7

24064
24865
24D66
24067

24068

240869

24878

24871
24872

24873
24074

24875

24078
24877
24878
24879
24980
24881
24882
244883
24084
24085

- 24088

24087
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Machine Code

Machine Code

(Hexadecimal) - (Deeimal)
A3 189
41 65
AD 160
a8 8
A2 182
a¢ a
9D 157
g 2
D@ 208
E8 232
DO 208
FA 250
EE 238
B8 8
SE ™
88 1386
D@ 208
Fy 244
AS 169
D@ 208
8D 141
98 8
5E 9y
61 56



14
.EE
if
i@
58
68
78
8@
3@
190
- 119
129
RUN
Running

memory.

REM CLEAR SCREEN PROGRAM

RESTORE : REM SETS START OF DATA LIST
P=24064% : REM START AT SEP@ HEX

FOR I=1 TO 24

READ M : POKE P,M

P=p+1

NEXT I

DATA 169,64%,160,8,1562

DATA 8,157,8,208,232

DATA 208:250,238,8,94

DATA 136,208,244%,169,208

DATA 141,8,94,396.

END

< RETURN >

this program places the desired machine code routine in

Now exit from BASIC by typing

EXIT <RETURN>

At this time, we can SAVE the machine code routine in high memory

on disk.

For example, if we use track 39 of our disk, starting

at sector 1, by responding to the prompt

A%

SAVE 39,1=5E98/1 <RETURN>

This saves the program located at SESP hexadecimal, starting on

o

track 39 at sector 1 for 1 page (256 bytes). This program can

be reloaded from disk by responding to the prompt as

A* CALL SEf@=39,1

The machine code routine would thus be read off track 39, sector 1

inte RAM at 3E08. Running this screen clearing routine may be run
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as follows, reloading the program under BASIC. We may do this
relc#ding under BASIC as
DISK!"™CALL. SE@@=39,1"
Therefore the BASIC program segment
90 POKE 8955,8 : POKE 8956,3% : REM SET USR(X) ENTRY POINT
lﬂﬂ DISKI"CALL SE00=39,1"™ : REM USR(X) STORED FARLY IN PROGRAM

1888 X=USR(X) : REM SCREEN CLEARING ROUTINE INVOKED
This program segment, including USR(X), would provide a screen clear

at far faster rate than possible with a BASTIC program.

3. Using The Assembler

The preceding USR(X) program was shown in Assembly language.
The. C4P system supports an assembler. The Assembler/Editor could
have been used for creating the program module which was SAVEd on
disk.

To use the Assembler/Editor, boot up your system. Once in
BASIC, request (after the 0K prompt)

EXIT <RETURN>

Type (after the operating system prompts, shown underlined)

A* ASM <RETURN>

To get the Assembler, and enter your program (the same USR(X)
program as before) after the Assembler prompt.

v 18 %=35EPQ

» 28 LDA #s5ul

, 30 LDY #%88

4@ LDX #5094
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R TR WP PP T T P T —

.50 STA $DEDD,X i;:]
60 INX

.78 BNE S$SEBS6

.80 INC $sE@8

.38 DEY
.109 BNE SS5E@6

.118 LDA #$D@

-129 STA $5EDS

.138  RTS

A

- The Assembler file will assemble your program and store it at SEBO

hexadecimal (24864 decimal). We have again obtained our machine
code program in memcry at SEZ0 hexadecimal. |

At this puiﬁt,'the-use-cf thé operating system to SAVE the 7N
program on disk would be the samé as shown in fhe_previaus section,

i.e., typing

SAVE 39,1=5E88/1 <RETURN>

- would place our machine code on disk. - Running the previous BASIC

program segment n
99 POKE 8955,0 : POKE 8956,34
1849 DISKI"CALL;EEﬂﬂ=$§;l" |
1868 X=USR(X) o
RUN |
will result in the same screen ﬁlearing_rﬂutina to be run.
The ﬁssemhly language iiét;ﬁg pfﬁﬁiﬁed:fhe machine code needed

for the USR(X) inading. Even if_the-ﬁééamh;erzis hot used to

' ereate the USR(X) program medule, the eﬁf&nsive_editing routines

)

of the Assembler/Editor encpﬁragg its,uﬁe.fﬂ.'u.: \_
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' Note, for more detail on the Assembler/Editor see +he Ohio Scientific
Assembler/Editor Manual.
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4. Executing & Disk Resident Machine Language Program

If you have a machine language program which you wish to use,
there is an alternative to use of the BASIC routine

X=USR(X)
Assume we have a machine code program stored on a disk file named

"FILE". The alternate method is used under the DOS. The response

. should be

A* XQT FILE <RETURN>

where FILE is the name of your machine language program on disk
(or it can be the track number where it is stored).

Under BASIC, this is accomplished by

DISKI"XQT FILE"

In order toc use the XQT‘:ﬁmmand, however, some computer house-
keeping is required first.

The XQT command brings a machine code program from disk and
stores it at location 1292 decimal (3279 hexadecimal). When the
machine ccde is stored on disk, some housekeeping is done. The
first four bytes on the file used will contain a "header" which is
labeling information provided by the assembler. The next (Ffifth)
byte will contain how many tracks are to be loaded to contain the
program. Then, from the sixth byte to the end of the file, the
machine code program is stored.

When a machine code file is loaded by the XQT command into
memory stafting at 1292 de:imal (3279 hexadecimal), program control
will have to skip over the header and track length information and

start with the program stored at 12926 decimal (3273 hexadecimal).

S

()
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Let's make a map of how the program is expectad to appear on

disk. Also, we'll make a map of how the file will be stored in

Memory.
XQT FILE STORAGE IN MEMORY
Decimal Hex
Location Location Contents
12921 3279
12922 327A
12923 3278 - File header created by Assembler
12924 327C
12925. 327D Number of disk tracks to be
| loaded
12926 327 Start of first program
instruction
12927 327F
. : . _{f

XQT FILE STORAGE ON DISK

NUMBER oF TRACKsS TO 3F Losoen,
HEMER, | NAEARAMAT an THIS 13 LoADED (A agwasdsy
WEITEN BY T LOLHNeM  LATD WX

Bos whenw THe
Fiue '3 aliaiaal

PUT ouTHE DSk
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With the housekeeping conventions established, let's start o

by creating a file called FILEl which will contain an assembly

language code.

This program has not been converted into machine

code yet. The program shown will store the message "ANY ASCII

CHARACTERS" at locations D74@ hexadecimal (55144 decimal) which

is in the lower left hand of your video screen. We enter the program

as fellows

|

A* ASM <RETURND

The computer will reply

OSI 6502 ASSEMBLER
COPYRIGHT 1976 BY 0OSI

Then we enter the assembly language code.

. 18 42§327E { seT orreN
-, 20 LDX #2 { SYMBOL COUNTER INITIALIZED fj]
., 38 LBL1 LbDA MSG,X “
49 BEQ LBL2
, 50 STA $D7u0,X
...Qﬂ INX
« 18 BN BL1L
, 80 LBL2 JMP LBL2
. 38 MSG -BYTE TANY ASCII CHARACTERS'
189 BYTE 8
119 . END
We can store this in the previously created file - FILEL - by typing
» !PUT TILEL
When this file is already on disk it could be recalled by
typing N
'LOAD FILEL R
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In either case, we are not vyet ready to assemble the source

program, i.e., convert this program into machine code. When we

do convert this program to machine code, we'll store the assembled

(converted machine code) program at a location (address) 2049 |

hexadecimal bvtes displaced frmm.the.assembly language program.

We must establish a memory displacement or offset, arbitrarily

chosen here as 24049 hexadecimal (valid for 24K machines) to be

within memory available and abave thg region needed by the assembler

program, by typing
. Hzﬂﬁﬂ

and then . '

« A3

The Assembler/Editor will now assemble the program and leave it
at a locationi offset by 2008 hexadecimal from the intended program
origin. Now we can exit the assembler by typing

EXIT

We now wish to place the assembled (machine code) program at the
final'dgstinatinn of 327E hexadecimal, which is where the ZQT command
command will place the first machine code program step. The Extended
Monitor provides the means of relocating the program from lecation
offset by 20808 hex above the destination of 327F. The previously
used region (327E hex and up) is no longer needed by the Assembler/
Editor.

To invcke the extended monitor from the DOS type

EM

The extended monitor prompt is a colan. Type

+ M 327E=527E,5298
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—_ a2t a1

The difference between the first twe numbers is the offset value ;:i}
previously used. The last number, is one more than the last memory
location required, all in hexadecimal. The Assembler/Editor provides
the address of each instruction in the listing. By subtracting
the last address from the first address in the listing, the hexa-
decimal length of the machine code (not including the last instructicn)
can be calculated. Shorter programs, of course, would require less
memory.
We need to determine the integer number of tracks to store
our machine code ﬁrcgram. Each disk]ffa:k can store 2K bytes of
code (leﬁgthfaf approximately 2808 decimal).
Since our example is 19 hexadecimal in length (25 decimal)},
we require far less than one track (even if we add the five locations
needed for the header). We put the information about the frack f’ﬁT
. _

requirement in location 327D by responding to the color prompt by

. EEZTD_

The @ symbol is<(SHIFT P> . The Extended Monitor permits you to
store data in 327D following the prompt

327D/81L
We reply

21
the number (two hexadecimal digit) of tracks required. The next
response is

EXIT < RETURN>
In earlier examples in the manual, we created files (called

secratch files) for incidental use. Let's use one of those files
named "SCRTCH" ta.ﬁtare the machine code program. We store this

machine code program by responding to the prompt L~
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A* PUT FILE2

We can now verify the XQT command by responding to the prompt

A* XQT FILE2

Our message TANY ASCII CH&R&CTEES“ should appear on the screen.

The details of tﬁis sectilon have been rather involved. By
using machine code, we have had to accept the housekeseping
responsibilities within the computer. In return, considerably
faster rﬁnning'prngraMS are obtained. Storage requirements of
the programs are also reduced. If the speed and compactness of
machine code is needed within the convenience of BASIC programming,

the XQT command may prove worth the demands on the user.
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5. Digital to Analog (D/A) Converter

For general applications, the CuP is equipped with a companding
digital to analog converter (DAC). This DAC is coupled to the
output through a capacitor. Therefore, only changing voltages can
De observed. A constant voltage will be binﬁked by the capacitor.
For example, a positively increasing signal from the DAC will appear
a4t the output as a positive voltage. A decreasing signal from the
DAC will appear as a negatiﬁﬂ valtage. Tﬂe Peak to peak voltage
range 1s about 3 volts. (Brief maximum excursions of up to +3 valts
are possible at start up.)

Since the output of the DAC musf change rapidly teo pass through
the capacitor coupling to the output, the program code Hpich drives
the DAC must be in machine code, rather than in BASIC.

A program to drive the DAC can be loaded under the machine
monitor at boot up by responding to

H/D/M? M
Press the "period" (".") to enter the address mode and type

8329

as an address, then press the "slash" ("/") o alter the memory

locations. Enter the two digit hex code at +he addresses indicated

Addre;s

83808 ES8 {ERETURH} {In:rement X

24391 8E < RETURN >

2382 91 <RETURN > Store X at location $DFA1
2383 DF < RETURN>

g3pu 4C < RETURN™>

#3858 88 < RETURN > To return to start

2386 83 < RETURN >
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Then type "." again to get the address mode.
Type
8380G

to run_the program starting at location 308 hexadecimal.

This program will produce a "saw=-tooth" (roughly triangular)
waveform at the DAC output. Music generation of pleasing quality,
immitative of musical instruments can be played by this device
(with additional programming).

You are cautioned that the DAC output should not be tied
together with any other output of the computer (such as the tone
generator). Further, only one audio cutput should be used at a time

since the register assignment of the audio output devices is the

sSame.
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6. Indiract-Files ;RJX

The indirect file is.an uncommonly powerful mechanism to
manipulate and combine separate programs.

The need for the indirect file arises from two characteristics
of our operating system. First, in order to do editing we need to
know. where a given statement resides in memory. When Assembly
language programs are stored, a somewhat compressed form (tokenized)
is used to save memory. This makes it difficult to know where a
given statement is located in memory. Second, if we wish to load
twa E&SIC programs Eiésumed to have compatible statement'numbersl,
i.e., you haven't used the same statement numbers in both programs,
the operating system would wipe out the first program when it loaded
the second. |

These potential problems encourage us to place the ASCII coded - (-
text sequentially into a single file in memory (similar to a file
on disk). Also, it-is desirable to be able to keep the two 1&aded
modules (programs) together, contiguous, without garbage in between.
The disk file handling routines do not give the fine control that.

the indirect file does. In an indirect file, we can point to the

L1

individual characters in a string of text. For these reasons,

indirect file handling has been developed under the 0S-65D ?3.1':
system. The indirect file provides a method of tampararily'sturiﬁg
ASCII code.

The indirect file 1is stored in high memory. The address of

the indirect file is stored in 9554 (high byte conly). The low:

‘half of the indirect file address is assumed to be f. For a 24K

C
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system, the POKE to store the'high address byte is
POKE 9554,849
The high byte of the indirect file address, for different memory

configurations is

Memory Size POKE 9554 with Decimal
24K 8d
32Kk 96
4aK - 112
LBK 128

These suggested memory allocations provide a balance between indirpect
file size and available user work space. In a 24K system,.this
allocation of memory ailmws 4K bytes for the indirect files. Addi-
tionally, the indirect file input address must be POKEd at location
9368 with the same table value. For a 24K system this is

FOKE 9368,8¢

First Example: Combining Two Programs

Cur goal is to take the first program of two programs and
tempcrérily store it in the indirect file. Then we wish to .enter
4 second program intc the BASIC work space, but the LOAD command
ncrmaliy causes uveﬁwriting of the first program.

In order to aveid overwriting of one program by another,
indirect files allow us to use the steps

1) c¢lean out the work space by typing

NEW
2) enter a program from the keyboard or a disk file

3) store the newly entered program in an indirect file
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4) clear the work space again. This time, we do it only to ./
1llustrate that the old program is removed.

5) enter a new program (with statement numbers that do not
conflict with the first program). '

6§) bring the indirect file back into the warklspace. Now
both programs are in the work space and have been merged
together, '

Let's apply these steps in a shnrt example.

The commands to combine two short programs would be

POKE 9554,80 : REM SET INDIRECT FILE GUTPUT FOR 24K SYSTEM

POKE 9368,88 : REM INDIRECT FILE INPUT FOR 24K SYSTEM

The first program is then typed

13 PRINT"TEST1" : REM SHORT EXAMPLE!

The program is transferred to indirect filé by typing

LIST <SHIFT K)<RETURN> Note: at the same time vressing

' IFT K=
£ SH K= Fﬁw
The listing will appear on the video screen and the program will be th
transferred to the indirect file in upper memory. We now close the
indirect file by typing
SHIFT M <RETURN > Note: at the same time pressing
' { SHIFT H}=:]
- 1he symbols
will be displayed, along with an error message
75N ERROR
which should be ignored,
Typing
NEW
will assure ourselves that the Program is removed from the BASIC
work space.
"'F'_-_H“‘u
:"“-ﬁ_,,--*J
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Now enter the éecnnd program
284 PRINT"TEST2Z"
The command

LIST

will assure ourselves that only statement 28 is in the work space.

Typing
< CONTROL X >
will transfer the indirect file back into the work space. Either
the RUN command or the LIST command shows that both programs are
now resident in the BASIC work space. |
Qur example has bEﬁn extramgly short. You are cautioned that
a iarge prcﬁram fﬁ the BASIC work space could overwrite the indiresct

file,

-Second Example: Creating a Buffer for a Bufferless Program

This'éxamﬁle illustrates adding a buffer to a previcusly written
ppngrém'which;lacked-ﬁ necessary buffer. The original program could
be loaded from ité filé,.say FILEl, by

.~ DISKI"LO FILELl" |
Note at this Edint.FEEKs could be done to verify that no buffer .
wés:in front of tﬁe prmgraﬁ; FILEL. Again, we POKE the indirect
file I/0 addresses for Eﬁﬁ systems |
- POKE. 9554,8%
‘ PDKE;EEEE,EH
Typing |
| LIST <3&Im-x‘jl_§ﬁzrum>

< SHIFT M><RETURND> =
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writing FILElL into the indirect file and closes that file.
Type
NEW

to remove FILE]l from the BASIC work space,
Ruﬁ the program "CHANGE" to create the needed buffer. Now, relcad
FILEl from the indirect file by typing
{ CONTROL X <RETURN>

The original program with its newly acquired buffer is now resident
in the BASIC work space. This program can be stored with the PUT
command back on its Q:iginal disk file (caution, your program is
now larger by the buffer size one or two tfacks] by

DISK!"PUT FILELl" |

This completes the examples. Since the indirect file stores
its data as ASCII charadfers, it may be useful for your file manip-
ulation programs. There is a potential for greater utility than
these:examgleﬁ with your application. The indirect ASCII file is

2 subtle but powerful tool for experienced programmers.
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Appendix A
WARRANTY

Ohio Scientific fully-assembled products are covered by a
limited warranty. CUP systems are covered for a period of sixty
days against defects in materials and woriknanship to the extent
that any malfunction not caused by abuse, misuse, or mishandling
will be repaired or corrected without charge to the owner provided
that the unit is returned postpaid to Chioc Scientific within sixty
days of day of receipt by the user.

Beyond this sixty day period, up to one year from day of receipt
by the user, the system is further warranted against defects in
materials to the extent that Ohio Sciesntific will repair or replace
them, charging only for labor on the pertion of the electronic com-
ponent that is manufactured by Ohioc Scientific, witheut charge for
the part(s). This warranty includes power supplies and floppy disk
drives. It specifically excludes terminals, video monitors, audio
cassettas and some keyboards. Ohic Scientific's only obligation
uncer these terms, in either case, is to repair the unit and return
it once it has been delivered postpaid to Ohio Scientific. Typical
turn-around time under this warranty is two to three wesks plus
shipping time from the factory. Ohio Secientific cannet be held
responsible for delays beycond its control such as those caused by
shipping or long delivery of replacement components, e&.g., Sloopy
disk drives, etc.

Ohic Scientific reserves the ultimate authority to determine
what constitutes in-warranty repair in circumstances where circuit
modificaticn, abuse, misuse, or shipping damage cccur. The warranty
is alsa subject to the use of proper packing material in any returns.
This is the only warrvanty expressed or implied by OQhio Scientific and
the only warranty which any Ohic Scientific agent is authorized by
Ohic Scientific to give in conjuncticn with the product. Any main-
tenance or extended warranties that the end user may entertain with
an Ohio Scientific representative or dealer are solely between that
representative and the customer and are in ne way authorized or
supportad beyond the extent of the above stated warwanty by Ohio
Scientific. The support of such warranty or maintenance contract
is the sole responsibility of the agent offering the warranty.

Qhio Scientific software offers absolutely no warranty. The
software is always thoroughly tested and thought to be reasonably
bug-free when released. Ohio Scientific maintainsg a full staff of
software experts and will endeavor to carvect any serious bugs that
may be discovered in the software after release in 2 reasonablsa
amount of time. However, this I3 a statsment of in+tent and ot a
guarantee in such mattars.

TROUBLESHOOTING

If you encounter any difficulty in procsdures in this manual,
first refer to the following troubleshooting guides. IF they do
not provide sufficient help for you to solve your problams, srocsed
to the and of this secticn.
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‘Order does not seem complate. First check to see that all

packages specified have arrived. Carefully look aover the packing
lists, manuals, and this manual +to determine what i3 suppesed to
be present in your system. IFf you have further doubts, check

with the dealer or representatrive from whom you purchased your
system.

Unit(s) mechanically damaged in shipment. Report damages or

losses immediately to carrvier. All units are shipped by OChio
Seientific fully insured. Under no circumstances should you ship
the unit back in such condition as it would then be impossible to
determine where the unit was damaged. - This can cause a long drawn-
out dispute with the carrier especially if the unit was transportsd
by different carriers. ' '

User has diffieculty in following manual because of high level of
technology invelved. Suggestions: obtain assistance from your
local Qhio Scientific dealer or representative. If you ordered
factory direct, or are at a considerable distance from the dealer,
contact your local hobby club and see if any members can assist
you. Hobby club members are generally very willing tc help out,

‘Which is a major reason they are in the club. Cur—ent club activ=
Aties are listed in BYTE, Kilcbaud Microcomputing and Interface

Age. Any local computer store should he able to assist you in
decoming a computer club member. { ,)

Reset light dees not illuminare on power-up. Carefully check
powerr connections. Check to see if uni+ is plugged in, that the
power switch is on and that power is Present at the power cutlet,
If so, turn the unit off and unplug it. Check the 2 amp fuse at
the back of the unit and check the reset light itself by pulling
the lens cap out and making sure that the lamp is properly seated
in its socket.

Reset switch is dimly 1lit or not 1lit a+ all after you have checkad
with the above procedures. Carefully inspect the PC beard portion
of the computer for foreign matter such as a wire cutting or
something leading out from the PFC board. Also check ta see that
all PC boards are properly seated, and that any ribbon cables

. are properly seated in their sockets. If the unit light is only

dimly Iit, remove. about half of the PC boards. TI[f +he light

comes up to full brightness with these out, put those boards

back in and pull the other ones out. If the same condition occurs,
it means that there is a power supply malfunction and that the unit
will have to be returmed for repair. If the power supply folds
back when some PC boards are out, and not with others, you should
be able to isclate the board causing the foldback. That board

mest likely has foreign matter across it, causing the short on

the beard. -

Power supplies look fine, but the computar doesn't seem to reset
at all or properly. Symptons: nothing comes cut on serial term-
inal or screen doesn't clear on video system. Solution: again,

4

A

~give the system a careful visual inspection. At this point, it

*C8P only.




would be invaluable to have access to another Ohio Scientifie
computer system by way of a dealer or another computerist. If
neither is available,.and you do not wish to or are not able
to attach the actual circuitry of the system, it will most
likely be necessary to return the unit for repair.

7. System works fine in machine code, but in BASIC you consistently

receive SN error message (Syntax error). Carefully refer to the
example given in the BASIC User's Manual.

In Case of Difficultg

If you encounter a problem with your system, first carefully
lock over the trouble-shooting hints in your procedures. The great
majority of problems encountered on new computers result simply from
the user’'s unfamiliarity with the computer system. If you decide
that you cannot resolve the problem yourself, contact the representative
or dealer from whom you purchased the computer. Your local 0SI dealer
representative should be able to help you by providing guidance on
operating procedures, and in the case of an actual computer malfunction,
should be able to substitute PC boards and subassemblies to isclate
the problem. He should then also provide the service of getting the
replacement or repair for the malfunetioning unit.

= p— — S - PR —

COLOR TUNING (Hetrodyning adjustment)

If color has been selected and does not appear or 1f a "barber
pole” effe?t is seen at color boundaries, a simple operator adjustment
will cnrreﬁt these problems. |

The CY4P with color option has crystal oscillators to set the
rate of display of the image and the color information. A shaft
on a potentiometer (see Figure 1) provides adjustment of the
relative rates of these oscillators. Normally, adjustment is made
after the circuits have warmed up for half an hour. Additional

‘adjustment should not be necessary once the computer has warmed up.
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The Machine Organization

The high density and modularity of your Cup system is defined

by the beoard structure.

Tap

MOTHE™. BoAAD

Il ™o
WIDED

LT SOARD
= M BRYTLE,
MY

Jrl:!ll'ﬁm BN /
EXTHA H‘Eﬁﬂ.ﬂ?

f "dmﬁl.-u}
'L- R — --III
SLS AT
) LA
ANV
CanmMITInm
BoART '
S4L =OARLD
/S AETEBLARTS

This system permits economical extensions of your system as your

computing demands increase.
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Detailed Pin Connections

The connectors shown on the A-«15 board have the pin connections
detailed below. Reference to schematic information accompanying
equipment is advised if more extensive use than the manual examples
is anticipated. Nomenclature is specified in the schematic diagrams.
This listing is intended to provide pin cuts of the PIA's and the

printer/modem in support of the manual examples, only.
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Appendix B

Cassette based CYP Directions

The manual to this peoint, has assumed the reader is a C4p MF
user. The mini-floppy disk .provides a large performance benefit
for the relatively small investment above a C4P (cassette) system;
the chief benefits of the CUP MF are file handling and high speed
data transfer. The cassetté provides an economical bulk storage |
medium, though the data transfer rate is considerably lower than
disk's rate.

If you have read this far, you have probably cpted for cassette.
The intermal canfiguréticn of computer compenents is slightly
different than the mini-floppy configuration. Externally, the
computer and accessories should agree with Figure

The cassette recorder should be a medium price audio tare
recorder. If price is indicative of quality, then $35-350 would
be a pricé guide. Volume and tone controls should be set at mid-
range. Lf you do not use 118V AC for the recorder power, be sure
to use fresh batteries. {Speed.variatians due to weak batteries

can create arrors.)

Talavigion or
video monitop

Challangar Ch P—\

4388TTa input. jack
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. Computer Set-Up (Cassette systems)

The precautions and discussion given in the main part of this

manual for the C4P MF (mini-floppy) system, still apply. As a

reminder these are outlined.

1EF

1d.

Assemble the computer system according to Figure
Using OSI supplied cables will assure reliable and firm
connections between units.

Turn on the computer. The switch is on the back panel.
Turn on the monitor. (Only 0SI modified monitors or RF
modulators should be used. Damage produced by unauthorized
monitors will void all warranty coverage.)

Turn on the cassette recorder power.

Press the "BREAK" key.

. Rewind the cassette so that the tape "leader" is visible

on the take-up spool. O0SI software will be supplied on
high quality tapes. Use of low quality tapes will cause
erratic performance and excessive recorder wear.
Respond to the terminal screen message

C/W/M?
by pressing the "SHIFT LOCK" key down and then respond

¢ < RETURN >

If the "SHIFT LOCK"™ key is not depressed, the keyboard

message will not be understood by the computer.
When the computer requesté
MEMORY SIZE?
just press the "RETURN" key.
The computer will next ask
TERMINAL WIDTH?
Again, press the "RETURN" key
The prompt
0K

should appear at the bottom of the screen. If it does
not, repeat steps 1 to 1P again.
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You are now in the BASIC program. The cassette supported

Y.
[ [ i L] k“-"d-'f"
C2P is a BASIC-in-ROM system, having a 6-digit BASIC stored in
read only memory (ROM). Two small but readily apparent differences
between BASIC~in-ROM and disk based BASIC are
1. The character delete symbol < SHIFT 0> will print an
underline symbol rather than erase the deleted character.
The statement
18 PRX __ INT "HELP"
would appear as
13 PRINT"HELP"
if we did a
LIST 1@
command, showing the symbol X has been truly daleted.
2. Error message codes will appear different than the list
given for disk based BASIC. A list of error codes for
both versions of BASIC is given in Table A.S. AN
A _-d"ll
The cassette based systems are not permitted to use back panel
connections J2 to J4 and J8 and J9.
i 1
Ay
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' To LOAD Cassette: Programs into RAM (memory)

Enter the BASIC program, as shown in the previous section.

1.

o

Place the demonstration cassette in the recorder.

Rewind the cassette tape. When the tape stops rewinding
return the selection switch(s) to STOP.

Type
NEW < RETURN>

This will clear memory in preparation for reading the
cassatte.

Type
LOAD

but not RETURN

Start the cassette in the PLAY mode, in order to play back
the demonstration programs inte the computer memory.

As soon as. the tape leader has moved past the recorder
head (is no longer visible on the wound up reel), press
the

< RETURN >
The computer will type

75 4 ERROR

0K
Which you may ignore. The computer will then list the
program being read. The program appears on the terminal
screen and 1s simultaneously stored in memory. If you
have a large unused tape region between the tape leader
and your program, meaningless characters will be printed.
They may be ignored, as they will not affeét the program
operation.
When the program is finished listing, vou will see printed

0K

7?54 ERROR

QK
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10.

Turn off the cassette recorder, then type iﬁ::)

< SPACE>

then

<_RETURN >

four program is now in memory. You may examine the program
by typing

LIST <RETURN>

When finished, store the cassette away from heat or magnets.
Do not leave the cassettes on the computer case, as the temperature

and proximity to the iron transformers can degrade the programs
stored on tape.

O

10
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SAVING Programs on Cassette

Let's start by clearing memory by typing

NEW < RETURN>

The computer responds

0K

and writing a short program

19

20

30
which we

1.

PRINT"NOW IS THE TIME"
PRINT"FOR ALL GOOD MEN"
END
wish to store on tape.
Rewind the tape.
Type
SAVE < RETURN >
The computer responds
OK
Now type

LIST

but not RETURN !

Start the recorder in the record mode. This operation is
obtained by pressing the RECORD and PLAY switches,
simultaneocusly. (This two switch operation is meant to
reduce inadvertent writing over programs we did not want
destroyed.)

As soon as the leader passes the recording heads (disappears
from sight on the windup reel), type

< RETURN >

When the listing is complete, turn off the tape recorder
and type '

LOAD < RETURN) .
< SPACED
<RETURN >
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7. ftou may now rewind the tape and check that your recording

is satisfactory by following the instructions to LOAD
the cassette.

Use of Cassettes as a Data Storage Medium

Intermediate data within programs can be stored on cassette.

This provides easy retrieval of data and intermediate calculations

for future use.

As an example, let's print the numbers 1 to 15 on the cassette.

After rewinding the tape, the sequence of operations would be

1. Write the program to create the desired data, such as

18 FOR I=1 TO 15

28 PRINT I
30 NEXT I
49 END

2. Type

SAVE <RETURN >
3. Type

RUN

but not <RETURN>

4. Start the recorder in the record mode (PLAY and RECORD
switches depressed). As soon as the tape leader has
passed the recording head, press

<RETURNS

5. The data will be recorded on tape and listed on the
terminal screen,

6. When the listing of data is complete, turn off the tape
recorder and type

LOAD < RETURN>
<SPACE>
<RETURN>

to return to normal operation.

«lBLl-
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‘ You will note that this set of procedure steps was almost the
same set we had used to SAVE a program.
We can use this data as input for another program in a

similar manner.

Reading Data From Cassette Tape

In a manner similar to LOADing programs from cassette, we can
read data from cassette. The steps are
1. Rewind the cassette tape.
2. Type |
NEW < RETURN>

3. Enter your program which will use the data on tape.
A typical program might be

18 INPUT A
" .. 280 PRINT "DATA IS=";A
30 IF A 15 THEN GOTO 19
4@ END
Now fype
RUN

but not < RETURN>

P “. Start the tape in the PLAY mode to play back the data.
. : : When the tape leader is beyond the recorder's head,
- ' then press

7’

_ < RETURN >

| .

' 5. The requests for data will be shown on the terminal screen
’ as typically

2?1 § DATA FROM TAPE
DATA IS=1  §{ANSWER FROM PROGRAM
22
. - DATA IS=2
etc.
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6. Upon completion of the program (or the tape being wound

up on the reel), turn off the tape recorder.

and

& SPACE >

<RETURN

You will now be in the BASIC progranm.

Then type

These techniques should permit a flexible use of your cassette,

both as a program and data storage medium.

For extensive data handling, however, the drive control of a

disk will give enhanced speed and control.

BASIC=in=-R0M Ervop HE$5a§ps

Therefore,

DEFINITION

encouraged.

CODE
on D -
e F

1D T
Hr H'H_
oD o
oM Q-
Iuv ol
SN 5=
| & R Y
ug U
IJi ! i
| ] '::IJ
LS L S
a5 O i
ST 5 =
™ T=
ur U oy

Double Dimansion: Variable dimansicned twica.
lemsmbar jubscripted variablas dafault to
dimension 14.

funcrtion Call error: Parametar passsd =a
funetion cut of range.

1llegal Direct: Input or DEFIN statemants can
RSt be used in direct 2ode.

NEXT withour FOR:
Qur of Data: Hore reads than DATA

Out of MHamory: Program Too big or tee many
GQ5UBs, FOR HEXT locps or variables

Ovarflow: Rasult of calculatisn too largs
for BASIC.

Syntax arror: Typo, ate.
RETURN withour GOSUR

Undafined Statement: Attempr to jump o
non-axistent lins number

Division by Zaro

Continue errors: atTempt T3 inapprepriately
continue from SREAK or STOP

long 3tring: String longer than 255 characters
OQut of String Space: Same as OM

S;ring Tamporaries: String expresaion too
2omplex.

Typa Mismartch: St=ing variabla ajsmatched
o8 numaric variablas

Undefined Tunetiasn
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Appendix C

Memory Map (RAM)

Within a computer, different programs and programmers will lay
claim to memory locations. Though these locations are not needed
by all programs, prudence would enccourage us to make a list of all
the locatiocns we know that have been committed to different oper-
ating systems and utility programs. If we avoid using these
lncatians, we minimize the risk of a program failing for unexplained
reasons. The reason is generally that a value needed by a system
program was found destroyed by a user program.

Also, knowing the reserved locations permits us to take
advantage of these locations. For example, the memory which is
dedicated to screen display could be used as extra storage (though
it messes up the display by doing this). (Also, we can read values
-off the screen by looking into the memorv lecation corresponding
to the screen position.)

- Though you can program well without needing this map, the

preceding justification merits this list.

- lfl-



C4P Memory

Decimal Hexadecimal
Location Location
282 gaga
B255 AAFF }
#2586 3188 ;
A511 BLEFE _
Bs512 - 9288 ?
8959 22FF
8960 235@’}
3819 2658
9828 265C 2
10826 2844 )
198827 EAHE'I
118986 2E78
11897 EETE'Z
12664 3178 J
12665 3179 )
l?ﬁéﬁ 3278 j
12921 32?9’}

12925 327D
12926 327E
TO END OF MEMORY ;}

oy

Use

6582 Page Zero

6502 Stack
(Page 1)

Transient program area
for user’'s language processor

I/0 Handlers

Floppy Drivers

O

Disk Operating System (DOS)

Page #1/1 Swap Buffer

DOS Extensions

Source file header information

Source File




Mini-Floppy Disk Organization

It 1s usefol to know how information is placed on th disk,
in order to plan your use of the disk.

Each mini-floppy 1s corganized into 4@ tracks, numbered from
@ through 39. Track @ is near the outside edge of the disk while
track 39 is close to the center. All tracks are circular tracks

similar to the tracks on a phonograph record. See the diagram below

Each track may be subdivided into sectors and pages. A page
is a block of 256 bytes while a sector must be an integer multiple
of pages (up to 8 pages, of course). BASIC programs are limited
to integral multiplés of tracks (2tracks not 1% pages) but machine
code programs may be in sectors of variable page lengths. Several
machine code routines (of various or similar sizes) may be saved on
one track in this manner |

For example, the disk directorv found elsewhere in this section
shows that tracks 6,9,11 and 12 contain various combinations of
machine code programs in segments. Specifically, track 12 has four
one page sectors. One should note that the BASIC pragram BEXEC™
on track 14 comprises one 8 page sector.

Osi software utilizes single sided, single density soft-sectored
disks. Soft-sectored disks have one index hole which provides a
timing reference for hardware purvoses.
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When we store information on the disk, we usually aséign the \__/
file of information a "file name”. File names are constrained to
& or fewer characters, the first character being a letter.

Certain tracks are dedicated to the disk .operating system, as

shown in the table below.

TRACK USE
@ . DOS-part 1
1 DOS=part 2
2-6 8% Digit BASIC
7-9 Assembler/Editor (ASM)
10-11 Extended Monitor (EM)
12 Sector 1 - Directory Page 1
.12 | Sector 2 - Directory Page 2
12 : Sector 3 - BASIC Overlays {i}
12 . Sector 4 - GET/PUT Overlays
13  COPIER/TRACKS Utility
14-39 User and/or utility programs
‘
When a new disk is placed in operation, it is initialized to
Place timing marks on the disk and check disk quality. If you wish
to clean a file of a disk which is in service (in contrast to
cleaning the entire disk), the "ZERO" program provides this service.
The disk directory, whose entries are made by the CREATE
program, does the bookkeeping of placing file names into the
directory. By keeping the directory up to date, efficient use of
this bulk storage medium can be enjoved.
-
R
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Appendix D

Disk BASIC:Statements

-
In the following examples ~
V or W 1s a numeric variable, X is a numeric expression,
X$ is a string expression, I or J is a truncated integer.
NAME EXAMPLE COMMENTS
INPUT 19 INPUT A Variable A will be accepted
from the terminal. A carriage
return will terminate input.
DET 18 DEF FNA (V)=V#%B User defined funection of one
argument.
DIM 119 DIM A (12) Allocates space for Matrices
and sets all matrix variables
to Zero. Non-dimensioned
| variables default to 14.
END '+ 999 END Terminates program (optional).
FOR,NEXT - 19 FOR x=.1 to 1§ STEP.1 STEP is needed only if X is
20 ] not incremented by 1. NEXT X
38 NEXT X is needed only if FOR NEXT
loops are nested,if not, NEXT (ﬁﬁ
alone can be used (variables N
and functions can be used in
FOR statements)
GOTO - - - 58 GOTO 148 JUMPS to line 108
GOSUB,. RETURN 188 GOSUB 500 . Goes to subrcutine, RETURN
" 58 . . L . goes back to next line number
_ 688 RETURN after the GOSUB.
- IF...THEN - 10 IF X=5 THEN 5 Standard IF-THEN conditional
C E 18 IF x=5 THEN PRINT X with the option to do mult-
18 IF X=5 THEN PRINT X:Y=Z iple statements.
IF...G0TO0 18 IF X=5 GOTO 5 Same as IF-THEN with line
' number,
‘' ON.. GOTO 180 ON I GOTO 14,24¢,3¢ C omputed GOTO
If I=1 then 10
If I22 then 29
If I=3 then 30
DATA. . ' '1g DATA 1,3,7 Data for READ statements must
SR Y be in order to be read. >
Strings may be read - in DATA '
statements.



PRINT 18 PRINT X

28 PRINT "Test"

Prints value of expression
Standard BASIC syntax with
s 3 formats.

READ 3@ READ V, W Reads data consecutively from
DATA statements in program.

REM 18 REM This is a comment for non-
executed comments.

RESTORE 508 RESTORE Restores initial wvalues of

: all data statements,

STDF 184 STOP Stops program execution, re-
ports a BREAK. Program can
be restarted wvia CONT.

Disk BASIC Functions

Function Comment

ABS (X) For X2 & ABS(X)=X

For X<@ ABS(X) =-X .
INT (X) INT (X) = largest integer less than ¥
RND (X) RND (@) generates the same number always,
RND (X) with the same X always generates
the same sequence of random numbers
NOTE:[(B-A)*RND {l}+£ﬂ generates a random
number between B and A.
SGN (X) If ¥>@ then SGN(X)=1
If X=0 then SCN(X)=g
If X<{@ then SGN(X)=-1

SIN (X) Sine of X where X is in radians,

cos (X) Same for COS, TAN, and ATN (ARC TAN).

TAN. (X)

ATN (X)

SQR (X) Sguare rcot of X.

TAB (I) Spaces the print head I spaces.

USR (I)See I/0 section

EXF

(X) e~¥ where

-170-
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FRE (X) Gives number of Bytes left in the work space \_/

LOG (X) Natural log of X. To obtail common logs use
Commen log(x)=LOG(x)/LOG(10),

POS (I) Gives current location of terminal print
head., '

SPC (I} Prints I spaces, can only be used in print
statements.

STRINGS

Strings can be from @ to 255 characters long. All string

variables end in 5, such as A$, B9S, and HELLOS.

Disk BASIC String-FuncfianE

ASC (¥X$) Returns HSCII value of first character in
string XS$.
CHRS (I) Returns an T character string equivalent .
the ASCII wvalue above, ri)
LEFTS (X§,I) Gives left most I characters of string XS. =
RIGHTS( XS5,I) Gives right most I character of string XS.
MIDS (X$,I,J) Gives string subset of string X$ starting

at Ith character for J characters. If J
is omitted, goes tc end of string.

LEN (X3) Gives length of string in bytes.

STRS (X) Gives a string which is the character
representation of the numeric expression
of X. Example ¥=3.1

X$=STRS(¥)
}:5:!(3'11'!'

VAL (X8§) Returns string variable converted to
number. Opposite of STRS(X).

kuff
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Disk BASIC Commands

NAME

LIST

NULL

RUN

NEW

CONT

LOAD

EXAMPLE

LIST
LIST 1d4@

NULL 3

RUN

RUN 2dd
NEW

CONT

LOAD

Disk BASIC ﬂperatmrﬁ

SYMBOL

—
=

L

EXAMPLE

A=10
LET B=1¢

-B

<SHIFT N> XMy

C=A%*RB

COMMENTS

Lists program

Lists program from line 144.
Control C stops program listing
at the end of current line.

Inserts 3 nulls at the start of
each line to eliminate carriage
return bounce problems. Null
should be @ when entering paper
tapes from Teletype readers. When
punching tapes NULL = 3. Higher
settings are required on faster
mechanical terminals.

starts program execution at first
line. All variables are reset.
Use an immediate GQOTO to start
execution at a desired line..

GOTO 2¢@ with variables reset.
Deletes current program..

Continues program after Control C
or STOP if the program has not been
modified. TFor instance a STOP
followed by manually printing out
variables and then a CONT is a
useful procedure in progranm
debugging.

Used in cassette and Disk BASIC only.

COMMENTS

LET is optional

Negation

X to the 4th power

(C“ﬂ Wwith C negative and D not an

integer gives an FC error.

Multiplication
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NOT

D=L/M

Z=L+M

J=255,1-X

19 IF A<>B THEN 5
B>A

B<A

B<=A

B=>4

IFT B>A AND A>C
THEN 7

IF B>A OR A>C
THEN 7

IF NOT B<>¥
THEN 7

Division

Addition

Subtraction

Not Equal

B greater than A

B less than A

B less than or equal to

B greater than or equal

If both expressions are true then 7.

If either expression is

If B =A then 7.

A

to A

true then 7.

AND, OR, and NOT can also be used in Bit manipulation mode for per-

forming Boolean operations of 16 bit 2s complement numbers (-32768 to

+32767)

EXAMPLES

EXPRESSION .

B3 AND 16

-1 AND 8
4 OR 2

1¢ OR 10
NOT @

NOT 1

RESULT
16

g
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OPERATOR EVALUATION RULES: Math statements evaluated from left to
e right with # and / evaluated before +
‘ and -. Parentheses explicitly determine
order of evaluation.
Precedence for evaluation
1) By parentheses
2) A
3) Negation
4y ® /
5) + =
B) =,<5,<,0,<=,>=
7) NOT
8) AND

- 9) OR
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Disk BASIC--Error Listing rp

and its interpretation are:

ERROR CODE

BS

DD

FC
ID

NF
QD

OM
Qv

SN
RG
US

/B
CN

L3
0S
ST

N,
Errors can arise in several contexts. Errors in the BASIC
program will be indicated by a two letter mnemonic code. The code
MEANING
Bad Subseript: Matrix outside DIM statement
range, etc.
Double Dimension: Variable dimensiconed twice.
Remember subscripted variabled default to
dimension 18.
Function Call error: Parameter passed to
function out of range
Illegal Direct: Input or DEFIN statements can !
not be used in direct mode. :
NEXT without FOR:
OQut of Data: More reads than DATA ;T
R,
Qut of Memory: Program too big or too many
G0SUBs, FOR NEXT loops or wvariables.
Overflow: Result of calculation too large
for BASIC
Syntax error: Type, ete.
RETURN without GOSUB.
Undefined Statement: Attempt to jump to non-
existent line number.
Division by Zero
Continue errors: Attempt to inappropriately
continue from BREAK or STOP.
Long String: String longer than 255 characters
Out of String Space: Same as OM
String Temporaries: String expression too
complex. L
-"‘i.-.-"-': H:i":

™

Uur

Type Mismatch: String variable mismatched to
numeric variable.

Undefined Function.
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DOS Error Messages -

CODE MEANING

1 .Cannut read sector (parity error)

2 Cannot write sector (reread error)

3 Track zero write protected against that
operation

L Disk 1s write protected

S Seek error (track header does not match
track)

é Drive not ready

7 ' Syntax error in command line

8 Bad track number

g Cannot find track header within one rew
of disk

A Cannot find sector before one requested

B Bad sector length wvalue

C Cannot find file name in directory

D Read/Write attempted past end of named file

T mwrr = 5 PR T FYr = a Ges W —

Converting Other BASICS To Run On 0SI 6502 BASIC

Strings:
QTHER 0sI
DIM As (I,J) DIM AS(J)
As (I) MIDS (AS,I,1)
AS (I,J) MID3 (AS,I,J-I+1)

Multiple assignments: B=C=0 must be rewritten as B=0:C=0. Some
BASICS use \ to delimit multiple statements per line. Use ™":",
Some BASICS have MAT (Matrix Operation) functions which will have

to be rewritten with FOR NEXT loops.
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Appendix E

POKEs and PEEKs

Thé following features of 0SI BASIC are useful for several
applications. The user should be extremely careful with these state-
ments and functiuns since they manipulate the memory of the computer
directly. An improper operation with any of th;se commands can

cause a system crash, wiping ocut BASIC and the user's program.

STATEMENT /FUNCTION COMMENT

PEEK (I) . Returns the decimal value of the
' specified memory or I/0 locatiocn.
(Decimal)
Example:
X=PEEK (64256)
Loads wvariable X with the 438 board's
A/D converter output. (FB@## hex)

POKE I,J Loads memory location I (decimal)
with J (decimal). I must be between
B and 65536 and J must be between 2
and 255. Example: 18 POKE 64256,
285 loads FB@@ with FF (hex).
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Useful BASIC POKEs

\. As systems develop, different locations are committed fn hold
parameters. Many of these parameters have been mentioned in the
text material. These parameters are collected here, along with
some other usefui parameters which may be needed by an advanced
programmer. Some parameters appear several times, since they
are relabeled by other utility programs.

Caution, care must be taken when POKEing any of these locations

to avoid system errors and subsequent software losses.

:Location Normal
Decimal Hex  Contents Use
i i
23 17 132 Terminal width (number of printer char- R
' acters per line). The default value is
132. Note, this is not to be confused
with the video display width (584 char-
acters). :

-s. 24 18 112 Number  of characters in BASIC's 14 char-
acter fields (112 characters = 8 fields)
when outputting variables separated by
commas.

129 78 127 Lo-Hi byte address of the beginning of
121 79 5@ BASIC work space (note 127=$7F, 58=532).
132 84 * Lo-Hi byte address of the end of the

133 . 85 % BASIC work space. (%*contents vary accord-
ing to memory size such as 255(5FF) and
95(SSF) or S$SFFF=24575 or 24K)

222 DE ) Location to enable or disable RTMON (real

time monitor). 1 enables and # disables
RTMON. o
T
223 DF a Location to start count down timer. A l( -
starts the timer, and a @ stops it. LA
.
224 ER ) Contains the number of hours for timer &'

tTo count down.

225 El a Contains the number of minutes to count
down.

228 E2 @ Contains the number of seconds to count
down.
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238=-241

249

Sk g
549

T4l
758

1797

2973
2209

2888

2893
2894

2972

2976
8788

8982

E6=F1

F3s

B22u4
#4225

2ES

2EE

785

819

838

Bug

B4D
B3C

BI9C

BAA

2284

22CH

18

14

32

173

27

55

B8

58

oL

L1l

11}

Identifies the I/0 masks used for exter- ;
nal polling of AC events, i.e. determines ~ <7
which PIA lines are scanned. R

Should contain the latest value at 56832
(SDEA®) and can be PEEKed unlike $D@p
which 1s a "write only" register. This
location does not change the display for-
mat but acts to maintain the format during
ACTL use. :

Hi-Lo byte address for AC driver, with
no buffers these locations (with AC en-
abled) will contain $327F.

Control lucétiwn for "LIST". Enable with
a 76, disable with a 148.

Control location for "NEW". Enable with
a 78, disable with a 18.

Controls line number listing of BASIC
programs, enable with a 32, defeat with oy
a by, :

"CONTROL C" termination of BASIC programs.
Enable with 173, disable with 96.

The meonitor ROM directs mask @ to load
here at $22084.

A 27 present here allows any null input
(carriage return only) to force into
immediate jumping out of the program.
Disable this with a @. This location
overrides 2893 and 28%L.

Alternate "break on null input” enable/
disable location. A null input will pro-
duce a "REDQO FROM START" message when
2893 and 2894 are POKEd with 28 and 11
respectively.

Normally a comma is a string input ter-
mination. This may be disabled with a
13 (see 2976).

A colon is also a string input terminator,
this is disabled with a 13 (see 2972).

OQutput flag for peripheral devices (see
peripheral section).

Determines which registers (less 1) RTMON
scans (see the AC control section). T
- . _'ﬂll

iy T
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89@9
8910

8917

SRR
B954

B35S
8356

B368

8993
BagL .

8996~

8998
8999

sgaa

9941

9666

9667

9680

22CD
22CE

2205

22F9
22FA

22FB
22FC

2309

2321

2322

2324
2326

2327
2328

2329

25C2

25C3

2548

By

24

288
79

a2

42

215

35

Hi-Lo byte location of PIA for RTMON
scanning (see the AC control section).

USR(¥X) operation code (refer to USR(X)
under advanced topiecs).

Qutput flag (refer to peripheral section).

Location of JSR to disk USR(X) routine.

Lo=-Hi byte address of USR(X) pointer

(refer to USR(X) under advanced topics).

Memory (RAM) page count minus 1 (where
a page = 256 bytes). *Contents depend
upon your machine.

1/0 distributor input flag. See peripheral
section.

I/0 distributeor output flag. See peripheral
section.

s
] i

Location of random seed for RND function.
Lo-Hi byte address of the pointer to
disk buffer 1.

Lo-Hi byte address of the end (plus 1) of
the disk buffer area.

When POKEd with N (P=-63) and a LIST command
is. given, this will move the left hand
margin to the right N spaces (dashes will
echo ¢n the left unless the cursor is
removed) . .

When POKEd with N (287-215) and a LIST
command is given this will move the seroll
up 4%(215=N) lines.

This location contains the cursor char-
acter designation.
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Appendix F
USR
The USR functiﬁh_alluws linkage to machine language routines

such as ultra-fast device handlers, etc.

It is used as

X=USR(X)

USR(X) FOR COLOR BACXGROUND ===-

This is a BASIC program that sets up an ASSEMBLER subroutine

under the USR(X) function. The subroutine changes the background color
of the entire screen. Note, if a disk system is not wused then the
BASIC code; DISK!"CA U4FD0=36,1"; must be removed from the program.

To save the assembler program (created by this BASIC program) on
disk, type DISK!"SA 36,1=4FDO/1" after running the program. This will
let you call the program from disk in any other BASIC program by the
command DISK!"CA U4FD0=36,1" instead of rumning this BASIC code.

Use the following code in BASIC (after the assembler program is
loaded into memory) to exicute the assembler routine. NOTE: this must
be done after the subroutine is in memory.

POKEB8955,208:POKE8956,79 .
This is the high and low addresses to tell the computer where the
USR(X) function is located in memory.

POKE20433, (your color choice, 0-16)
This i3 your choice of color background.

X=USR(X)
This i3 the BASIC command for jumping to an assembler subroutine
specified by the previcus POKEs.

imom oy -

198 FORI=284327020473 : READX : PUKET, X: NEXT , |
260 DATALSZ 14, 169, 0, 144, 242, 79, 162, 224, 141, 242, 79, 177, 242, 79

249 DRTAZ4, 105, L 141, 242, 79, 172, 243, 7%, 105, B, 141, 243, 72, 204, 232
229 DRTA249, 6, 142, 2, 224, 76, 220, 72, 36,3, 2

For more detail see page 1126.
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ED1

- Mathink

Math Blitz
Spelling Quiz
Counter

Hangman

Geography Quiz
Definite Integral

C4P Diskette Direafory

PD1
1. Checking Account
2. Savings Account
3. Annuity I

4. Annuity II

5. Biorhythm

6. Calorie Counter
7. Rate of Returm

Add Game
PD2
BASIC Tutor I 1. Definite Integral
BASIC Tutor II 2. Base Conversions
BASIC Tutor IIT 3 Trend Line
BASIC Tutor IV. . Powers
BASIC Tutor V 3. Eleetronies Equation
BASIC Tutor VI €. Math Library
Trig Tutor -
GDL
Trig Tutor l. Star Wars
Presidents Quiz 2. Space War
Homonym Quiz 3. Hectic
Continents Quiz 4. Bomber
Base Conversions S. Torpedo
Math Intro 6. Breakout
Solar System Quiz
GD2
Ratio Analysis I 1. Etch-A=Sketch
Ratio Analysis II 2. Racer
Bond Evaluation 3. Destroyer
Break Even Analysis 4. Lander
Bar Graph 5. Hide & Seek
Trend Line 6. Bomber
Interest on Loans 7. Tiger Tank
GD3
Address Book 1 Star Trek
Inventory Demc 2. Cryptography
Mailing List 3. Black Jack
Advertisement Demo 4. Hangman
Word Processor 5 23 Matches
GDu
1. Frustration
2. Battleship
3. Tic-Tac=Toe
L., Civil War
5. Mastermind
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Votrax '} Computer Voice Generation

To show the use of the voice generation feature, a demonstration
disk is provided (Disk CA-1%). To use the demonstration disk, the
instructions included in the introduction to this manual will start
the demonstration sequence, which will prompt you to select programs
from a menu of choices.

Creating Required Support Files

After you have examined the demonstration programs, you will
probably want to write your own user programs. Let's place the
software we write on a disk we keep for software development. A
copy of an Operating System Disk (0S-65D V3.l) will serve this
purpcse. Use the CREATE utility (discussed in "TO CREATE DISK
FILES™ in this manual) to CREATE a file on this disk, 4 tracks
long, on which we can store the program we write. Let's name the
file "TALK". Now, remove this personal software disk from the
disk drive and store it ﬁway, temporarily.

Replace the demo disk (CA-l4%) in the disk drive. We wish,
now, to load the program "TALKER"™ and its buffers. The program
"TALKER™ contains the computer's instructions to allow conversion
from typed groups of characters tec their sound equivalent (called
phonemes). Boot up (restart) the system by pressing

< BREAK >

on your CUP keybocard. In response to

H/D/M?

type
D

~184~



The computer responds with a request to select a demonstration

program from the demonstration disk, as
YQUR SELECTION?
We answer

PASS < RETURN >

Again, to the query
YOUR SELECTION?
enly respond
< RETURN >
The computer responds
OK
We are now in the BASIC program and can load the desired files A
from the demonstration disk.
To load the program "TALKER" which provides the instructions
to control the Votrax wvoice module, type o
DISK! "LOAD TALKER" < RETURN>
We now have the Votrax controlling program (also called a device
driver) in our program memory.  Let's write a program to use the
voice generation capability of our computer.

An Example Program

As a sample program, we wish to enter groups of characters
which represent sounds (phonemes) from the keybcard. Then, we
should like these sounds to be spcken by the Votrax wvolce generator.
The phonemes which make up common English words are found in a
dictionary in the Votrax Manual. For example, the word "hello"
is found in the Votrax dictionary to be

PAl PAl H H H EH1l UH3 L UH3 02 Ul UL <{RETURN>
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Our program will accept character groups from the keyboard.
We shall use spaces to separate these character groups. The end
of a complete word or phrase will be designated by a<RETURN>.
Once a complete character string is input from the keyboard, it
will then be echoed by the Votrax module. The Votrax module 15
device #5.

The program to do these functions is

12 PRINT"YOUR PHONEMES ARE" : INPUT A$ : ?#5,AS : GOTO 19

28 END

RUN
The computer will prompt our response by typing

YOUR PHONEMES' ARE?
Responding with the phonemes for the word "hello", we type

| PA1 PAL H H H EH1 UH3 L UH3 @2 U1l Ul <RETURN>

The jword "hello™ should be spoken by the Votrax madﬁlell

For a second word example, the ?Dtraxfdictinnary lists "yes"
with the possible phoneme representation | |
| YES 1/PAl,2/Y,1/EH1,1EH3,1/8

To have the word "yes" spoken by the Votrax module, we would enter

in response o
YOUR PHONEMES ARE?
the character string

PAL Y Y EHL EH3 S <RETURND

The word. "yes™" shcuid be spoken.

Storing the Sample Program

If you have finished.with your sample program,: we caﬁ'sfurg'

it in the previously CREATEd file, "TALK".
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First, press 3::)\
< RETURN > \

to get back to BASIC. Then, your program can be placed on disk
by typing
DISK!"PUT TALK" < RETURN_>

We can assure ourselves that the program has been properly saved
by restarting the system. When we get BASIC, type in response

to
0K
the command

NEW < RETURN>

- This will clear our BASIC work space. Now type

DISK!"LOAD TALK" <RETURN >

Then type | r“u‘
RUN
You should be back in your test program, which should function

as before.
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Appendix G

Disk Copy and Compare -

Creating backup copies of your disks is a wise precaution.
The backup copy provides protection against inadvertently destroying
an important program, either by writing over the program or physi-
cally damaging the disk. Two utilities are provided for disk
copying on your system disk.

Copying a disk requires two disk drives. (If you do not own
4 dual disk system, your OSI dealer can provide these services.)
In a dual disk system, one drive will be labeled "A", the other
drive will be labeled "B". Since we intend to overwrite material
on one disk with material from another disk, extreme caution is
urged in following the order of instructions. Otherwise, you can
end up with two copies of the wrong disk!

First, select a disk on which to make a copy. This can be a
new disk or a spare old disk. This disk should be initialized,
a process of placing information on disk for timing purposes.
Since this process will overwrite the entire disk, make sure this
disk is truly available. |

To initialize the disk, enter the operating system .{Fram
BASIC, we type EXIT ), Place the disk ONTO WHICH you wish to make
a copy in drive B. In response to the system prompt, type

A*¥* SE B <RETURN>
Reply tc the system response by

B¥ INIZ < RETURN>
The system will ask

ARE YOU SURE?
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If you are sure, then type KT#;
YES < RETURN>
If any error message is reported, discard the disk as damaged or
faulty. No errors will be reported for successful initialization.
Now whén the system prompt 1s shown, return to use A by
replying
B* SE A
Before using your master disk, caution encourages us to cover
the rectangular notch on the side of the disk with a piece of P
Iblack elaﬁtriﬁal tape. This will "WRITE PROTECT" the disk against |
-inadvertentlﬁ_ovarwriting data and programs we wish to keep. This
tape may be rEmnvEd later. Now we are ready to ccﬁy the master MJ:;
disk.
| Place the master disk in drive A. The already initialized
disk (ONTO which we copy) should be in drive B. CALL in the copy
utiiity fram_disk by typing
A% CﬁLL p29p=13,1 <RETURN>
 This-HiiI load the copy routine at location ﬁzﬂﬂ hex. To execute
the copy routine, type
G0 p288 <RETURN>
You ﬁill be given the choice of
SELECT, ONE:
'.j 1) * COPIER
- . 2Y TRACK @ READ/WRITE
SO .
N
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‘ Respond

?1 <RETURND>
to select the copier routine. (The TRACK # READ/WRITE is used
to restore track @. This is typically needed if one powers down
a disk drive with a disk in the drive.)
You will be asked |

FROM DRIVE (A/B/C/D)?
Reply

A
The dialeg continues:

TO DRIVE (A/B/C/D)?

Reply
B
* Tracks are selected by replying
| FROM TRACK? |
by
2

TO TRACK (INCLUSIVE)?
39
Since we have proceeded carefully, the response *o
ARE YOU SURE?
is
YES < RETURN>

Each track number,as it is copied, is displayed on the video screen.
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Some 0S5-65D systems disks have a two sectored program called ﬂ:i:i
CONPAR on track 39.

A* CALL @2080=39,1<RETURN>

A* CALL 2000=39,2 (RETURN)

A% G0 @200

The preceding sequence will call in the COMPAR routine as well
as another version of the TRACK@ routine. The COMPAR utility is
;sgd in the same ménnér as the COPIER but tells you which bytes
differ for the same location between drives A and B. This utility
can be used to check copies for errors.

!
™

[/
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Appendix H

Automatic Telephone Interface Application

The Automatic Telephone Interface provides a powerful feature
for automatically dialing and answering the telephone. It accommodates
both data and voice transmission, which permits your C4P to serve
as a low cost data terminal or as a telephone answering service
with equal ease. These individual functions would, in most systemé,
be served by separate modules at significantly higher cost.

Dialing is permitted in both the rotary dial (pulse) systems
and.the tone dialing-Systems. A simple modem would not provide
this service ncrmally.

By combining the wvoice, data, and dialing features, the CuP
can place a telephone call automatically, request human aid, and
proceed to transmit data - to the devices selected by the person
at the receiving end.

By having an automatic answering capability, the Automatic
Telephone Interface can receive your call when you are away from
home. By responding to dial tones sent from your location, tasks
may be selected at home. These tasks may include playing back any
recorded telephone messages, reporting on home security status, or
starting your dinner and turning on the air conditioner. The
combinations are almost limitless.

By incorporating direct felephcne line connecticn, higher
reliability and lower noise are obtained, while costs are held
down on the interf&ca by reducing complexity.

A program which utilizes many'gf these features follows. Thé

program will initialize and set up-thé required dial codes.



By running +his program and examining its listing, ~
the combined power of the telephone interface and the home control
features is evident. Automatic dialing and answering, cﬁmhined
with voice or data transmission and tone decoders, permits using
your computer from a remote location. The use of dial tones as a
key keeps your system secure from unauthorized use. The complete
CiP's facilities can be used while retaining the privacy of the

unit in your home.

1 RIOT THLOOM TEST sedaiver
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Automatic Telephone Interface, Hardware

Detailed use of this very powerful feature will require more
detailed information on addresses dedicated to this uni+*.

This information is incorporated in the BASIC program in the
previous section. Extracting the part of the program wou find useful
is the easiest way to generate a program. However, the details’

are given for reference.
(C)

The standard Touch-Tone keypad
Column 1 2 3 4
Row
1 1 2 3 A Note that column &
2 b 5 6 B 18 only available on
3 _ | 7 3 9 C special telephones.
b % o # D

is shown above, divided into rows and columns.
To generate the tones corresponding te these keys, using the
tone generator (or activate the pulse dialer on rotary dial systems),

the PIA data port at F8@6 must be given the bit pattern below:



P —

Column and Row
PIA PIA
cl C3 C2 Cl Ru R3 R2 R1 Data Data Key
Value Value
PIA Bit: 1PB7 1PB6.1PBS 1PBY4 1PB3 1PB? 1PR1 1PBE (Hex)  (Dec.)
1L 1 1 il 1 1 1 B EE 238 1
1 1 1 @ 1 1 2 1 ED 237 4
1 1 1 @ 1 i 1 1 EB 235 7
1 1 1 ¢ ¢ 1 1 1 E7 231 x(1)
1 1 2 1 1 1 1 ] DE 222 2
1 1 i} 1 1 1 i 1 DD 221 5
1 1 i 1 1 i 1 1 DB 218 8
1 1 3 1 3 1 1 1 D7 215 g
L 2 1 1 L 1 1 i BE 198 3
1 @ 1 1 L 1 @ 1 BD 189 E
1 7 1 L 1 2 1 1 BB 187
1 ¢ 1 1 g 1 1 1 . B7 183 g (1)
2 1 1 1 1 1 1 . g 7E 126 all)
2 1 1 1 1 1 @8 1 7D 125 ptl)
g 1 1 1 1 8 1 1 7B 123 ctl)
9 1 1 1 g 1 1 1 77 119 DRt
1 1 1 1 1 1. 1 1 FF 255 worpr¢?)
(1) These keys exist on Tauch—Tnne{C} sets only.
(2) "OFF" is used for space between tones. It does not have a
corresponding key. A space of > 35 ms must exist between
tones. Tone duration must be > 33 ms. #
*Note: These timing values are subject to modification.
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We use the PIA practice of locating the control register one
location higher than the port it controls (PIA tone generator
port = 806, tone generator control port = F8B7).

Each of the other PIA ports serves multiple functions, with
each bit serving to choose or exclude a particular function. In

order of locations these PIA's and their functions are:

Address
Function, which line
Decimal Hex Bit Value of is selected., All lines
63488 Faag PA2 PAl1 PAP PA2 PAl PAD are output (from CPU)
i i i @ Spare line out to phone
B 2 1 1 Votrax Module
g 1 ¢ 2 Auxiliary Device

(Digital to Analog
Converter, DAC)

B 1 1 3 ~ Tape Récufder Play

1 2 i 4 Modem |

1 2 1 5 Tone Dialer Generator
1 1 : Pulse Didler

1 g 1 7 Spare Line |

Note: Select #7 when
you are not ocutputting
to ‘the phone - . -
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N
Address
Decimal Hex Bit Value of Description of input (to
g3uge Fepgp PAS PA4 PA3 PAS PAL PA3 CPU) selectad
f g i 2 Spare line from phone
i i 1 1 Line decode
2 1 i 2 Auxiliary Device
(Analog to Digital
Converter, ADC)
D 1 1 3 Tape Recorder Record
1 i @ L Modem
1 g 1 5 Tone Decoder
1 1 i B Spare
L 1 1 7 - Spare
PAG = Spare CTW
PA7 = Ring sense ( 1 = Ring, @ = No Ring )
(input to CPU)
63489 . F8g1 Control register for 63488 decimal.
Address
Decimal Hex
634940 Fap2 Bit Use
PB# -~ Connect control (1 = true) {(output from CPU)
PBlL - Connect control (# = true) (output from CPU)
PB2 - Tape input control (output from CPU)
PB3 - Tape output control (output from CPU)
FB4 - Modem Mode Sense (1 = originate, @ = answer)
{input to CPU)
PBS
PBe - Unused
N
PB7 \__/
63u9l F8@3 Control register for 53498
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" Address
. Tone Input

Decimal Hex Bits (See Note 1) Hex Value From Phone
634982 F8@4 1PA3 1PA2 1PAl 1PA# 1PA3 1PA2 1PAl 1PA3 (input to CPU)

g B i ? D
) d 'y 1 1 1
g 9 1 i 2 2
B ? 1 1 3 3
3 1 i ? 4 4
? 1 2 1 5 5
i 1 1 g 6 5
2 1 1 1 7 7
1 @ i} @ 8 8
1 g g 1 9 g
.-' 1 g 1 g A )
1 g 1 1 B %
1 1 a i C i
1 1 ? 1 D A
1 1 1 8 E B
1 1 .1 1 F C

CAL - 1 = valid tone decode

1) no tone

1l

Note: 1) PAP - PA3 must be read within 2§ ms of
CAl going high (i.e., IRQAl=1)

2) CAl must be continuously read at least
every 33 ms (IRQAl) when listening for
tones. |

3) Software should program control for
low to high trahsitions of CAl.



)

Address
Decimal Hex Bits Function
63492 F8ou 1PA4Y = Modem self-test (CPU output)
1PAS - Modem squelch (CPU output)
1PA6 - Modem originate mode (SH) (CPU output)
1PA7 - Modem answer mode (RI) (CPU output)
1CAl - DTMF decodes strobe (Input to CPU)
This line is polled to determine
whether data on 1PA? to 1PA3 is wvalid.
634393 FB@5 Control register for 63492
G34SY4 F8@6 1PB8 - 1PB7 Dialer data ( See page 195 )
1CB1 1
Unused
1CB2 N
) p—
53485 Fga7 Control register for 634394
63486 Feas ACTIA
83437 rFags Control register for 63496
'
-’
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A more detailed connection discussion with schematic diagrams
accompanies the Automatic Telephone Interface. Having the signal
data presented here, the versatility and power of the interface can
be fully utilized and the programming needs anticipated. Reference
to popular books on telephone company notation, such as'J. Sunier's

The Handbook of Telephones and Accessories (Tab Books, Blue Ridge

summit, PA 17214). are recommended reading to support detailed

communications plans.
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Appendix I

: Y
Hex to Decimal Tutor K,J

Within computers, calculations are made in zeros and ones, a
binary system. This representation of numbers is more.canvenient
than on traditional base 18 (decimal) system. For compact notation,
the binary representation is often written by grouping multiples of

2, specifically powers of 2%#2#2%2216. This notation, base 16 is

- called a hexadecimal number system.

We can use the manual's illustrations of the ASC and CHRS
commands to write a program to convert decimal numbers &cmunting
in baée 18) to hexadecimal numbers (counting in base 186).

To count in our base 1f numbering system, we use the symbols
g, 1, 2, 3, 4, 5, 6, 7, 8, and 9. We need 18 symbols in all.

We use a place holder notation to represent a number, so that P

123 = 1%18A2 + 2%18A1 + 3%1PA0 = 188 + 20 +3

1#1@8 + 2%#18 + 3%}
= 188 + 28 + 3
(where A indicates "to the power).
As our other case, base 16 (hexadecimal) counting will require
16 symbols. By common agreement the symbols are

g, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F. Here A hexadecimal
L4

corresponds to 18 decimal, B hexadecimal corresponds to 11 decimal,

ete. Therefore, the number

123 hexadecimal = 1#16A2 + 2%16A1 + 3%16A0 decimal

b

1%256 + 2%1g6 + 3%1 decimal

256 + 32 + 3 decimal = 291 decimal

N

Similarly, the number 3A hexadecimal is

'
it
L

~201~

b . - —




3A hexadecimal 3%16A1 + 10*16A8 decimal

]

3%16 + 18%1 decimal

48 + 10 decimal
= 58 decimal

This much calculation is a sure candidate for a computer pro-
gram. Also, in some of the advanced programming techniques, we
shall want to be able to convert from ocne system to another.
This problem of number system conversion gives us a chance to
use the ASCII conversion commands in our programming. Moreover, .
this program is readily modified +o permit data entry into programs
in either hexadecimal or decimal. For occasional conversions,
we also provide a decimal to hexadecimal conversion table elsa-
where in the appendix. Let's look at the ASCII code table on
page

Symbols # through 9 have ASCII codes of 48 +o 57 decimal.
By subtracting 48 from this ASCII decimal code, we can get the
Inumbers value in the range @ to 9. TFor example, the ASCII code
for 3 is given as:

ASCII Code for symbol "3"™ = 51
If we subtract 48 from 51 (the ASCII code value of the number 3),
we. get the numeric value, 3.

ASCII code for symbol "3" = 48 = 51-48 = 3
This observation permits us to change the code representation of
numbers @ to 9 into the numbers, themselves.

Similarly, we see the symbols A to F are represented by ASCII
codes of 65 to 78 decimal. By subtracting S5 from this code, we

can get the decimal value which the hexadecimal notation implies.
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That 1s, the cbservations

1) the ASCII code for the symbol "A" = 65

2) the number A hexadecimal = 18 decimal

3) thus the ASCII code for "A" - 55 = §5-55 = 1§
permit us to convert values for the ASCII symbols A toc F. We can
use this conversion to complete our algorithm for conversions from
hexadecimal to decimal.

To go from decimal to hexadecimal (the reverse direction),
we note how remainders from division yield the separate digit's
representation. For example, in base 18, for the number 123, try

successive divisions, and observe the remainder

18 / 123
18 / 12 + remainder 3
id / 1l + remainder 2

8 + remainder 1
which yields the base 18 representation when read in the direction

of the arrow. Trying this in base 186 to find the hexadecimal wvalue

of 20 decimal

16 / 28

1l / 1 + remainder 4

# + remainder 1
gives the hexadecimal value of 14 when read in the direction of
the arrcw; This checks since
1=218A1 + 4=16A8 = 290
Slightly harder is converting 28 decimal

16 / 28

16 /+ 1 + remainder 12 = B hexadecimal

gd + remainder 1 - 1 hexadecimal
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i
. giving the hexadecimal value of 1B.
Let's put these two conversion algorithms together in a flow

chart, shown here in overall form.

b

| L |
N -

Initialirze
Sl Elﬂ
Fo
Each
Digit

TereeDigit* L6 A(Digir Pasition)

SumSyn + Term Cigle Musgt

l Altswer
Erad
W
Pedirre ASCIT
Term Symbols
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10 REM HEX AN OSI PROGRAM TO CONVERT
28 REM 1) HEXADECIMAL (BASE 18) TO DECIMAL OR
38 REM 2> OCECIMAL TO HEMADECIMAL: L ROEMER 23 mAY 1373
35 PRINT" TYPE ":PRINT® 1 FOR HEX TO DECIMAL
36 PRINT" 2 FOR DECIMAL TO HEX®
49 INPUT "YCUR CHOICE IS *; CHOICE
S0 IF CHOICE=1 THEN GOSUE 1998: REM HEX TO DECIMAL
60 IF CHOICE=2 THEM GOSUB 2009: REM DECIMAL TO HEX
78 IF CHOICEC>L AMD CHOICE <02 THEN GOSUB 3999
30 END
169 REM CONVERT ERCH CHARACTER TO RSCII CODE
1009 REM  HEX IMPUT TO DECIMAL QUTPUT
1019 INPUT "YOUR HEX NUMBER IS “;AS
1829 L=LENCAS)
1939 SUM=0 .
1949 REM  WHEN EXAMINE CHARACTERS, LOW POSITION
1853 REM IS AT RIGHT HAND
1069 FOR K=1 TO L
1670 M=L+L-K
1086 T2=RSCCMIDSCAS, M, 1))
1100 S1=SUMH16™(K~1)%(T2-55)
1110 52=SUNM+L5" (K1 )%(T2-48) |
1139 IF T2364 THEM 5UM=SL:REM CHECK IF HEX CHRRDS
1149 IF T2C64 THEN SUM=S2:REM R <2
1159 NEXT K
1168 PRINT "DECIMAL YALUE IS "; 35U
70 RETURN
1130 BND
2000 REM  DECIMAL INPUT WITH HEX OUTRUT
2013 INPUT "YOUR DECIMAL IS D
2028 IF 065535 THEN GOTO 2660
2029 T(3)=D
2849 FOR I=1 10 4
2050 TCIY=INT(TCI=10/16) .
2068 CICID=T{I=4)=TCI#4g
2079 K=1
2089 IF INT(TCIDy=0 THEN GOTO 2200
2998 NEXT 1
2269 FOR I=L TO K

2219 REM: REYERSE ORDER CF DIGITS FOR PRINTING
2228 CHE(K+1-[=CHREC43+CI(I) !

2230 IF CICIXZ9 THEN CH$(K+L-D1)=CHRS(SS+CICIND
2249 NEWT I

2255 Z1Pge=u

2260 FOR I=1 TO K

2270 ZIP$=ZIPS+CHSCD)

2239 NEXT 1

2299 PRINT "HEX i ZIPS$

2208 RETURN

2318 END -

2609 PRINT “TO0 LARGE R YALUE"

2619 END

3009 PRINT “YOUR CHOICE SHOULD BE 1 CR 2
3319 PRINT “RUN AGRIN IF YOU WISH CHOICE"
2828 RETURN

3928 =ND
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giving the hexadecimal wvalue of 1B.

Let's put these two conversion algorithms together in a flow
P 24 24

chart, shown here in overall form.

Fer
Eashky
Digic
> Divida 15
TerneDigit® 16 A(Digit Fosition) And 52
N
SumsSum + Term
Preine
AR et
Right To Lafe
End \l’
Prinmt ASCTT
Term Symbols !

-20Y4-



Uyt P ) VLY e Y ALY

&

191

St
614
E0L
i1a9
129
S59
6LEY
EC9
409
165
SIS
656G

115
S5 ¥
Gl
E9
Lvy
1€%
Si+v
66E
£E0E
L9E
1SE
SEE
61E
£0E
182

AT O
& NN
o0 gy

LI LY
[ L _ W B _§__ % _ |

99L
051
vEL
BT
<0
089
0L
v¥So
BEY
cc9
909
065
Y15
855

015
Yov
BLY
CArR
o9v v

0EY

¥ie
86¢
41
99E
0SE
YEL
BIE
e0E
o8e

vee

605

YN = b )
- 0 QN
&

LY == B 1Y LD e
oo I Tl o R B
o N B N T B o B

M= =M A0 —=f™ O =™
My OrRONFNDINMD

Q

Yol
gviL
ekl
211
0oL
YEQ
299
€59
9E9
0eo9
vo09
B85
2lS
955

BOS
cot
oL
o9%
ey
HCc ¥
ele
O6E
OBE
YOE
84vE
cEE
9I1E
O0€
toe

MNoSOLYNTS
SN SFNr=D D
-l o T

o o0
& O

oo
-

Lyl
1EL
S
669

E|9

199
159
SE9
619
£09
LS
115
66

105
16t
SL*
65¢Y
Etvv
XA
LR
S6E
6LE
E9E
iy

1EE
S1E
66¢
Efd

1652

ot P 7Y N ) e o 7Y N LD e P 1Y N LY
m- PN D D0 -

€L
vl
OEL
vid
869
cn9
999
059
vED
gl9
209
985
0LS
*5S5

908
o6y
viv
85y
ekt
9ee
ole
YHE
8LE
9E
IYE
0LE

g6¢e
cge

05e
YEZ
Ble
c0e
981
0Ll
*G1
2 o
cecl
901
06
L3
8%
Y
9c¢
o1

192
Sl
621
E1e
L60
1899
G99
6t9
£C9
L19
109
SeS
69
£G5S

g0g
6Hé
ELY
LSV
ive
Set
60 ¥
EGE
LLE
19€
ShE
6t
ElE
i6¢
iec

. mat v et kv O O 0 O

AU e P IFY QALY e e ) O Y P Y CR
NTUORIONMMN oD D="T

094
Pvl
gce
A F
969
0g9
v99
Bvo
cEY
919
009
¥85
3295
265

05
sgv
cl¥
oSy
O%v Y
L4
g0y
<6E
9Lt
09f
veE
BeE
c1E
96
oee

gve
2EZ
912
oge
¥l
g9l
esi
9E1
021
vol
e

95
o
Ve

g ey vk e = G SN0

L R R R T BT P T T, B
L - L T T

BGL
evi
9cl
0lL
Y69
8L9
c99
9v9
0EY
Y19
B6S
c8s
995
0SS

205
98¢
oL
¢S
BEY
cch
90%
06E
ViE
8SE
evE
2CE
01E
vez
Bl

- e s et o P O DY

CNDEoOLUNDFOON D+ OO0
N D Qe Y 0D D e I

i el ki v e £ 0 O

Y e o (7Y ON Y s o 070 O D s P Y R D
MY O e ) o D DO e

9GL
0oL
vel
801l
€69
oL9
099
*vo

cie
265
085
v95
65

TAYNDLOONDTOOND 2
NMNODO=Me0DN=gp

GO Y
Eay
L%
ISy
SEW
Gl¢
ECOY
LAE
TLE
SSE
GEE
EZE
LOE
162
GIZ

s v el vt et e €] O 0N

Y Oh ) et Poe 7Y O ) ome P 7Y Ch D) o P )
=M QQUN=m @O =yt

¥Si
BE L
CA A
90 L
069
Yi9
859
ev 9
929
019
Y65
845
€9S
9vs

B6 Y
cev
99%
oSy
YEY
glv
<0V
9BE
OLE
¥SE
FEE
ek
90F
o062

DL ONDFOION
wn ko v et (] 04 €

TOoOON
MU0 O O M) D P O o O o

NDeO
wes [T} L)

ESL
LEL
el
S02
689
ELD
159
Ivo
Se29
609
E6S
LLS
195
SvS

LGV
LA
Sob
Gvd
EEY
Liv
10%
SOE
69t
ESE
LEE
12K
SOL
682
ElLE

P Y O YT e T LD
- OO

cSL
SeEl
beL
O L
g9
cLY
959
ovo
Y29
809
65
9LS
095
LA 4

05 %
08%
LA A
evy
cEY
91¢
oov
v3IE

BI9E

cGE
9EE

v0E
gac
o

0Ge
1] A
0L e
09¢
062
ove
0t 2
Dece

=fsgafi=loRal=laloFsRalalelal]
NN O CD OO LIG
- el e e g g A W g

oo
O i b,
==

020
o8B0

060
LHRATRY
010
090
0se
0vO
QF0
ocu
c1o
000

-206-




HEXADEC IMAL=DECIMAL CONVERSION
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13 Track®/Copier utility (loads to 48200 for 5 pages).
14 - 38 User programs and 0S-65D utility BASIC programs.
39 Compare routine, on some disks only.

I/0 Flag Bit Settings

INPUT:
BIT § - ACIA on CPU board (terminal).
BIT 1 - Keyboard on 548 board.
BIT 2 - UART on 438/558 board.
BIT 3 - NULL.
BIT 4 - Memory input (auto incrementing).
BIT 5 - Memory buffered disk input.
BIT 6 - Memory buffered disk input. .
BIT 7 -~ 55 board ACIA input. As selected by index at
location $2323 (8995 decimal).
QUTPUT:
Bit @ - ACIA on CPU beard (terminal).
Bit 1 - Video output on 549 board.
Bit 2 - UART on 438/55%8 board.
Bit 3 - Line printer interface.
Bit 4 - Memory output (auto incrementing).
Bit 5§ - Memory buffered disk output.
Bit 6 - Memory buffered disk output. :
Bit 7 - 558 board ACIA output. AS selected by index.

9 Digit BASIC Extensions

INPUT PNDSGN(DEVICE NUMBER) (input is set to new device,
output is set to null device.
1f device number > 3, and null
inputs are ignored if device
number > 3.)

INPUT "TEXT";PNDSGN(DEVICE NUMBER) (print "TEXT" at current
output device, then function
as above),

PRINT PNDSGN(DEVICE NUMBER): {print output for this command
at new device),

LIST PNDSGN(DEVICE NUMBER) (list program or segments of
Program to new device).
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EXIT

WHERE (DEVICE NUMBER) FOR QUTPUT IS:

- ACIA terminal

- 548 video terminal

- 430/550 ACIA UART port

- Line printer

Memory output

- Memory buffered disk output (blt 5).
- Memory buffered disk output (bit 6).
- 558 ACIA output

= Null cutput

W0 00 -3 ot F oW
1

(DEVICE NUMBER) FOR INPUT IS:

- ACIA terminal

- 548 keyboard

= 43A/558 ACIA UART port

- Null device

Memory input

- Memory buffered disk input (bit §5).
- Memory buffered disk input (bit 6).
- 55@8 ACIA input

- Null Input

D~ o £ W R
[

AND WHERE PNDSGN IS A POUND SIGN.

Exit to 0S-65D V3.9

RUN (STRING)

DISK ! (STRING)

DISK OPEN, (DEVICE), (STRING)

DISK CLOSE, (DEVICE)

DISK GET,

DISK PUT

(RECORD NUMBER)

Load and run file with name in (STRING).

Send (STRING) to 0S-65D V3.@8 as a
command line.

Open sequential access disk file with
file name, (STRING) using memory buffered
disk I/0 distributor device number & or
7. Reads first track of file to memory
and sets up the memory pointers to start
of buffer.

Forces a disk write of the current
buffer contents to current track.

Using last file cpened on the LUN &
device, a calculated track is read into
memory. Where that track is: INT(REC.
NUM)}/24+base track given in last open
command.

It also sets both memcory pointers to:
128%*(REC. NUM.)}-INT(REC. NUM.)/24))+
base buffer address for LUN 6 device.
Write device & buffer out to disk. N
The effect is the same as a "DISK CLOSE,8". \_ . »
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Extensions to Assembler

E Exit to 0S-65D V3.
H(HEX NUM) Set high memory limit to (HEX NUM).
M(HEX NUM)- Set memory offset for A3 assembly to (HEX NUM).

!(CMD LINE) Send (CMD LINE) to 0S-85D V3 as a command to be
executed and then return to assembler.

CONTROL-I Tab 8 spaces. Also:

CONTROL=-U 7 spaces,
CONTROL-Y 6 spaces.
CONTROL-T 3 Spaces.
CONTROL-R 4 spaces.
CONTROL-E 3 spaces.

CONTROL-C Abort current operation.

Extended Monitor

!TEXT Sent "TEXT" to 0S-65D V3 as a command.
@NNNN Upen memory location "NNNN" for examination.
Subcommands:

LF - Open next location.

CR ~ Close location.

DD - Place "DD" into location.

"« Print ASCII value of location.
/ = Reopen loecation.

Uparrow - Open previous location.

A . Print AC from breakpoint.

BN,LLLL Place breakpoint "N" (1-8) at location, "LLLLY.
C Continue from last breakpoint.

DNNNN , MMMM Dump memory from "NNNN" to "MMMM".

EN Eliminate breakpoint "N".

EXIT Exit to 0S-65D V3.pd.

FNNNN , MMMM=DD Fill memory from "NNNN" to "MMMMT" -1 with "DD".
GNNNN Transfer control to location "NNNN".

HNNNN ,MMMM(OP) Hexadecimal calculator prints result of

"NNNN"(OP) "MMMM" where (QP) is + - # /.
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MNNNN=MMMM, LLLL
NHEX ) NNNN , MMMM
0

P

QNNNN

RMMMM=NNNN ,LLLL

SMMMM , NNNN
T

v

WTEXT ) MMMM, NNNN

X

¥

Print break information for last breakpoint.
Print stack pointer from breakpoint.
Load memory from cassette.

Move memory block "MMMMY to "LLLL"=1 to location
"NNNN" and up in memorvy.

Search for string of bytes "HEX" (l-4) between
memory location "NNNN" and "MMMM"-1.

Print overflow/remainder from hex calculator.
Print processor status word from breakpoint.

Disassemble 23 lines from location "NNNN",
A linefeed continues disassembly for 23 more.

Relocate "NNNN" to "LLLL"=-1l +to location "MMMM™
Save memory block, "MMMM" to "NNNN"-1 on cassette.

Print breakpoint table.

View contents of cassette.

Search for ASCII string "TEXT" between "MMMM"
and "NNNN"-1

Print ¥ index register from last break.

Print Y index register from last break.

NOTE: . All commands are line buffered by 08-65D. Thus only 18

characters per line are allowed and CONTROL-U and BACKARROW

apply.

" Source File Format

Relative Disk Address Memory Address Usage

)] $3279 Source start (low)

1 $327A Source start (high)

2 $327B Source end (low)

.3| $327C Source end (high)

y $327D | Number of tracks req.
5 and on ... $327E and on.. Source text

~234~
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Directory Format

. Two sectors (1 and 2) on track 12 hold the directory information.
Each entry requires 8 bytes. Thus there are a total of 64 entries
between the two sectors. The entries are formatted as follows:

g - 5 ASCII 6 character name of file

B BCD first track of file
7 ' BCD last track of file (included in file).

Track Formatting

The remaining tracks are formatted as follows:

- 10 millisecond délaﬁ after the index hole

- a Z byte track start code, %43 $57

- BCD track numhér

- @ track type code, always a $58
~ | There can be any mixture of variaus length sectors hereafter.
- The total page count cannot exceed 8 pages if more than one sector

is on any given track.
| =+ Each sector is written in the

following fcrmat:

- previous sector length (4 if none before) times 808
mlcrcsecnnds of delay

- sector start code, 376
= Sector number in binary
- sector length in binary
- sector data

Diskette Copier

The diskette copy utility is found on track 1 sector 2. It

should be loaded into location 288 with a "CA B208=13,1. To

'. l

start it type, "G@ 029", To select the copier type a "1". The

¢
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copier automatically formats the destination diskette before

writing on it.

Track @ Read/Write Utility

This utility permits the reading of data on track # anywhere
into memory. Also the capability is avﬁilable to write any block
of memory to track # specifying a load address and page count.
The track zero format is as follows:

- 10 millisecond delay after the index hole
- the load address of the track in high-low form

- the page count of how much data is on track zero

End User POKEs to BASIC

Location 0ld New Function
2972 58 13 Disable , and : terminators on string input
C 2976 b4 13
28073 173 96 Ignore CONTROL-C
2893 55 28 Disable break on null input.
2894 28 11 "REDO FROM START"
Thl 786 18 Remove keywords, "NEW" and "LIST"
750 78" 14

Other POKEs to BASIC

L

Location Function
23 Terminal width
2888,8722 If both are #§ a null input to a "INPUT" statement vields

an empty string or a #i. If both are 27 then the input
statement functions are normal.

8917 USR(X) Disk Operation Code:

- write to Drive A
- read from Drive A
- write to Drive B
- read from Drive B

Wl &
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3826
3822
9823

9824
3825
895y

89993
899y

8985

8396

8960

9098
3899
9185
31886
2132
9133

9155

9156

9213

9214

3238

Track number for USR(X) Disk Operation
Sector number for USR(X) Disk Operation

Pagé count for USR(X) disk write, or number of
pages read in by disk read

Low byte of address of memory block for USR(X)
Disk Operation

High byte of address of memory block for USR(X)
Disk Operation

Location of JSR to a USR function. Preset to JSR
S22D4, i.e., set up for USR(X) Disk Operation

I/0 Distributor INPUT flag

' I/0 Distributor OUTPUT flag

Index tu current ACIA on 550 board. IFf numbered from
2 to 15 the value POKEd here is 2 times the ACTA
number.

Location of a random number seed. This location is
constantly incremented during keyboard polling.

Has page number of highest RAM location found on
0S-65D's cold start boot in. This is the default
high memory address for the assembler and BASIC
Low byte address for memory input

High byte address for memory input

Low byte address fuﬁhmemury output

High byte address for memory output

Low byte address for memory buffered disk input

High byte address for memory buffered disk input
Bit 5 device. Defaults to $327F

Low byte_address for memory buffered disk output

High byte address for memory buffered disk output
Bit § device. Defaults to 3327E.

Low byte address for memory buffered disk input

High byte address for memory buffered disk input
Bit 6 device. Defaults to $3A7E. '

Low byte address for memory buffered disk output
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9239

8998

9006

12842

3368

9554

High byte address for memory buffered disk P!
output. Bit 6 Device. Defaults to $3A7E. A
Memory buffered disk I/0 Bit 5 Device Parameters:

§998-8999 - Buffer start address ($327F)
9080~-9801 - Buffer end address ($3A7E)

3882 = First track of file

99083 - Last track of file

S@du - Current track in buffer
9085 - Dirty buffer flag (#=clean)

Memory buffered disk I/0 bit 6 Device Parameters:

9006-30087 - Buffer start address ($3A7E)
900 8-9809 -~ Buffer end address (Su427E)

9g10@ - First track of file

9911 - Last track of file

9@12 = Current track in buffer
9813 - Dirty buffer flag (#=clean)

Location of the 24 used by the random access

file calculation routines. This location

should only be altered after the open has

occurred for the random access file because

the PUT GET code is loaded into the directory

buffer. This is where this 24 resides.

Making it a 48 gives one 64 byte records. (’ﬁxﬁ
.

High byte address for indirect file input

(low=442)

High byte address for indirect file output
(low=@@)
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